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FOREWORD 
Interest in human settlement and systems policies has been 
a central part of urban-related work at the International Institute 
for Applied Systems Analysis (IIASA) from the outset. From 1975 
through 1978 this interest was manifested in the work of the 
Migration and Settlement Task, which was formally concluded in 
November 1978 .  Since then, attention has turned to disseminating 
the Task's results, to concluding its comparative study, and to 
exploring possible future work that might apply the newly developed 
mathematical methodology to other research topics, 
This paper is a result of the continuing collaborative work 
being carried out by IIASA scholars and the Migration and Settle- 
ment network. In it,Jacques Ledent of HSS and Philip Rees of 
the University of Leeds, U.K.,consider several important issues 
connected with the construction of multiregional life tables. 
They focus, in particular, on problems revolving around the three 
approaches proposed to date for calculating the probability 
matrices that are the starting point for all applied life-table 
analyses: the movement, the transition, and the hybrid methods 
of estimation. They conclude that transition data should be used 
rather than movement data, where available, and that transition 
methods rather than hybrid methods should be applied to the transi- 
tion data. 
Selected papers summarizing previous work on migration and 
settlement at IIASA are listed at the back of this paper. 
Andrei Rogers 
Chairman 
Human Settlements 
and Services Area 
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ABSTRACT 
The methods of multiregional life table construction are 
explored through an investigation of a tree of choices with 
respect to approach, data, rates definition, probability defini- 
tion, and stationary population or life-years-lived calculation. 
Two principal approaches are discussed: the movement approach 
and the transition approach, although a third label "hybrid 
approach" isused to characterize many of the developments in 
the field to date. Methods are applied to two population systems, 
that of the Netherlands, where moves data are available, and 
that of Great Britain, where the data on migration come in 
the transition form. The discussion of methods and the computer 
runs of the life tab1.e model lead to a clear set of recommended 
choices for the would-be life table constructor. The fairly 
simple and direct transition approach using migrant data measured 
by a five-year question is our preferred choice. The paper ends 
by speculating on how solutions to the unresolved problems of 
multiregional population analysis might be sought. 
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CHOICES IN THE CONSTRUCTION OF 
MULTIREGIONAL LIFE TABLES 
1. PURPOSE OF THE PAPER 
Over the past five years or so (1 975-79) more than a dozen 
scholars from national member organizations of the International 
Institute for Applied Systems Analysis have been engaged in col- 
laboration with IIASA researchers in a multinational project to 
describe and analyze the pattern of population movement and 
change among the regions of their countries (Rogers 1976; Wil- 
lekens 1978). One of the analytic tools used in these studies 
has been the multiregional life table (Rogers 1973a, 1975a; 
Willekens and Rogers 1978). Many differe~t types of migration 
data have been employed as input to the multiregional life table 
program and a variety of different methods of converting these 
migration data and associated mortality data into the proba- 
bilities needed in the life table have been suggested (Rogers 
1973a, 1975a; Rees and Wilson 1375, 1977; Rogers and Ledent 
1976; Ledent 1970, 1980a; Rees 1378, 19aOa). 
The purpose of this paper is to review systematically the 
consequences of using different data types, Cifferent rate 
aetinltlons, and different probability estimation methods. Lie 
do t h i s  by apply ing  d i f f e r e n t  methods t o  t h e  same d a t a  s e t  and 
examining t h e  r e s u l t i n g  e f f e c t s ;  w e  adopt  d i f f e r e n t  d a t a  sets 
and t h e  same methods and examine t h e  r e s u l t s .  Out of t h i s  
exper imenta t ion  wi th  Dutch and B r i t i s h  d a t a  emerge recommenda- 
t i o n s  a s  t o  t h e  most r e l i a b l e  methods t o  use  g iven  a v a i l a b l e  
d a t a ,  t h e  most r e l i a b l e  d a t a  t o  seek  o u t ,  and t h e  d a t a  set which 
should i d e a l l y  be c o l l e c t e d  and t h e  methods which should i d e a l l y  
be a p p l i e d .  
I n  .a s e n s e  ou r  s e a r c h  f o r  optimum d a t a  and an optimum 
methodology resembles t h e  s ea rch  of  t h e  s u r f e r  f o r  t h e  p e r f e c t  
wave. There i s  always a b e t t e r  wave t o  be  found on t h e  nex t  
beach on t h e  nex t  day.  However, g iven  t h e  waves and beaches 
a v a i l a b l e  today cho ices  have t o  be made, and ou r  series of  
exper iments  are in tended  t o  inform f u t u r e  c o n s t r u c t o r s  of  mu l t i -  
r e g i o n a l  l i f e  t a b l e s .  
However, a l though  our  exper iments  are wi th  m u l t i r e g i o n a l  
popula t ion  sys tems ,  most of o u r  methods and conc lus ions  c a r r y  
over  i n t o  o t h e r  m u l t i s t a t e  popu la t ion  systems: t h e  movement 
of  people  between m a r i t a l  s t a t u s  s t a t e s ,  t h e  t r a n s f e r s  of  workers 
i n t o  and o u t  o f  t h e  l a b o r  f o r c e ,  t h e  movement of  p u p i l s  and 
s t u d e n t s  through an educa t iona l  system. 
We f i r s t  o u t l i n e  by way of  reminder t h e  p r i n c i p a l  s t e p s  
involved i n  c o n s t r u c t i n g  a  m u l t i r e g i o n a l  r e g i o n a l  l i f e  t a b l e  
and i d e n t i f y  t h e  s t e p s  about which cho ices  can be made. 
Two g e n e r a l  approaches t o  m u l t i r e g i o n a l  l i f e  t a b l e  cons t ruc-  
t i o n  can be d i s t i n g u i s h e d ;  on t h e  one hand, t h e  movement approach,  
i n i t i a l l y  proposed i n  t h e  c o n t e x t  of  m a r i t a l  s t a t u s  a n a l y s i s  
by Schoen and Nelson (1974) and Schoen (1975) and f u r t h e r  
developed by Rogers and Ledent (1976) and Schoen and Land (1979) 
and,  on t h e  o t h e r  hand, t h e  t r a n s i t i o n  approach sugges ted  by 
Rogers (1975a) and Rees and Wilson (1975, 1977) and developed 
and implemented by Ledent (1978, 1980a, 1980b) .  However, both 
t h e s e  approaches were preda ted  by and developed i n  p a r t  from 
t h e  o r i g i n a l  work o f  Rogers (1973a, 1973b, 1975a) i n  which rate 
and p r o b a b i l i t y  d e f i n i t i o n  equa t ions  fo l low,  by and l a r g e ,  t h e  
l o g i c  of  t h e  movement approach b u t  i n  which t h e  t r a n s f e r  d a t a  
used c o n s i s t  of  changes of  r e s idence  (numbers o f  migran ts )  a s  
i n  t h e  t r a n s i t i o n  approach.  Table 1 shows t h e  concepts  and 
d a t a  a s s o c i a t e d  w i t h  each approach,  and why w e  have e l e c t e d  t o  
c a l l  t h e  ear l ie r  s t r eam of  work t h e  h y b r i d  approach.  
Table 1 .  The approaches t o  n u l t i r e g i o n a l  l i f e  t a b l e  cons t ruc -  
t i o n  and t h e i r  o r i g i n .  
Within t h e s e  t h r e e  broad approaches a v a r i e t y  of subapproaches 
o r  cho ices  a r e  explored  ( a s  i n  Schoen and Land 1979) ,  and i n  t h e  
f i n a l  s e c t i o n  o f  t h e  paper ,  recommendations a r e  made about  
s e l e c t i n g  t h e  b e s t  methods and b e s t  d a t a  f o r  m u l t i r e g i o n a l  l i f e  
t a b l e  c o n s t r u c t i o n ,  w i t h i n  t h e  c o n s t r a i n t s  t h a t  f a c e  t h e  r e s e a r c h e r .  
Throughout t h e  paper  we c o n s i d e r  n a t i o n a l  popu la t ion  systems 
(Holland,  Grea t  B r i t a i n )  c l o s e d  o f f  from t h e  r e s t  o f  t h e  world 
though c l e a r l y  such systems a r e  u n r e a l i s t i c .  None of t h e  method- 
o l o g i c a l  p o i n t s  made a r e  s e r i o u s l y  a f f e c t e d ,  we b e l i e v e ,  by t h i s  
a c t i o n  though i d e a l l y  f lows of people  t o  and from t h e  rest of  
t h e  world shou ld  have been inc luded .  
T r a n s i t i o n s  
HYBRID APPROACH 
Rogers (1973a,  1973b, 1975a)  
TRANSITION APPROACH 
Rogers (1975a) 
Rees and Wilson (1975, 1977) 
Ledent  (1978, 1980a,  1980b) 
Moves 
Movement 
T r a n s i t i o n  
MOVEMENT APPROACH 
Schoen and Nelson (1974) 
Schoen (1975) 
Rogers and Ledent  (1976) 
Schoen and Land (1979) 
2. MULTIREGIONAL LIFE TABLES: A REMINDER 
2.1 The General Steps 
The steps in constructing a life table that computes from 
current migration and mortality behavior the likely life history 
of people born in different states are outlined in Rogers (1975a) 
and in Willekens and Rogers (1 978) . They are as follows. 
(1) DATA: The necessary data on populations migration, 
regional mortality and regional fertility* are assembled 
and/or estimated in one of a selection of ways (see 
Willekens and Rogers 1978; Willekens, Por and Raquillet 
1979; Rees 1980). 
(2) RATES: Migration, mortality or survivorship rates are 
computed from the assembled data in one of a variety 
of ways. 
(3) PROBABILITIES: Probabilities of interregional transi- 
tion are cornputed from the observed rates in one of a 
diversity of methods. The transitions are from one 
exact age to another (age x to age x + n), and involve 
"staying and survival" or "migration and survival" or 
n n ~ n - ~ ~ r ~ i ~ a l n .  In some cases, the "non-survival" 
transition may be broken down into "staying and non- 
survival" or "migration and non-survival". In most 
instances, the formulae expressing the transition prob- 
abilities in terms of the input rates follow from a 
specific assumption relating to the derivation of the 
number of years lived between two consecutive ages. 
There are however exceptions in the case of the transi- 
tion approach in which the linear and cubic spline inter- 
polation methods for estimating the age-specific prob- 
abilities do not preclude any method for calculating 
the aforementioned numbers of person-years lived. 
*Not strictly speaking necessary for life table computation 
per se. 
( 4 )  BASIC LIFE TABLE STATISTICS: The fo l lowing  l i f e  t a b l e  
s t a t i s t i c s  may then  be gene ra t ed  (Wil lekens  and Rogers 
1978:21-23) : 
1 .  l i f e  h i s t o r y  o f  a  r e g i o n a l  b i r t h  c o h o r t  
2 .  number of  s u r v i v o r s  a t  e x a c t  age x  
3. number of y e a r s  l i v e d  between two consecu t ive  ages ,  
o r ,  t h e  age composi t ion of ( t h e )  s t a t i o n a r y  popula- 
t i o n .  
( 5 )  DERIVED LIFE TABLE STATISTICS: From t h e  f i r s t  t h r e e  
sets of  s t a t i s t i c s  a  f u r t h e r  f i v e  fo l low (Willekens 
and Rogers 1978:23): 
4 .  number o f  y e a r s  l i v e d  beyond age x  
5.  l i f e  e x p e c t a n c i e s  by r eg ion  o f  b i r t h  
6 .  l i f e  e x p e c t a n c i e s  by r eg ion  o f  r e s i d e n c e  
7. migraproduct ion rates 
8. s u r v i v o r s h i p  rates. 
A t  each of t h e s e  s t e p s  e x c e p t  t h e  l a s t ,  s t e p  ( S ) ,  t h e s e  
are a l t e r n a t i v e  methods o r  c h o i c e s ,  and we w i l l  ana lyze  t h e  
consequence of c h o i c e s  w i t h i n  a  s t e p  on t h e  r e s u l t s  i n  subsequent  
s t e p s ,  p a r t i c u l a r l y  an t h e  l i f e  t a b l e  s t a t i s t i c s  produced a t  
s t e p  (5). 
2 .2  D e f i n i t i o n s  
The v a r i a b l e s  employed i n  t h e  m u l t i r e g i o n a l  l i f e  t a b l e  
model a r e  de f ined  where t hey  a r e  in t roduced .  However, s i n c e  our  
n o t a t i o n  d i f f e r s  somewhat from t h a t  of Rogers (1975a) o r  W i l -  
l ekens  and Rogers (1978) ,  t h e  p r i n c i p l e s  behind t h e  n o t a t i o n  a r e  
expla ined  i n  Appendix 1 ,  t o  which t h e  r e a d e r  can t u r n  when 
f u r t h e r  c l a r i f i c a t i o n  is  r e q u i r e d .  I n  p a r t i c u l a r ,  t h e  r o l e  of 
t h a t  " jack  of a l l  t r a d e s " ,  t h e  s u b s c r i p t  x  f o r  age ,  i s  expla ined .  
2 . 3  The M u l t i r e g i o n a l  L i f e  Table Func t ions  
These a r e  s t a t e d  h e r e  t o  remind t h e  r e a d e r  about  how mul t i -  
r e g i o n a l  l i f e  t a b l e s  are c o n s t r u c t e d .  However, it must be 
s t r e s s e d  t h a t  t h e  e q u a t i o n s  a r e  on ly  one of a  f ami ly  of alter-  
n a t i v e s  t h a t  w i l l  be d i scus sed .  
First, rates of mortality and mobility are computed 
where Mx 6(i) is the observed rate for a T-year pericd at which 
persons die in region i between age x and x+n, D:(~) is the 
number of deaths in region i to persons aged x to x+n at death, 
K: is the population risk in region i aged x to x+n (normally 
the mid-period population or average of initial and final popula- 
M~~ is the observed rate tions in a period) . In equation (2) , 
at which people move between regions i and j while aged x to 
x+n, and DiJ is the number of such moves or displacements. 
Then, probabilities of transition are worked out 
The variable is the probability that a person attaining 
age x in region i will survive at age x + n in region j, where 
n is the age interval adopted in the life table, T is the length 
n 
of the time period to which the data refer and is the ratio 
of age interval of the model to time period of the data required 
to make the two equivalent in the model. Equation (3) is referred 
to as the "Option 1" method in Rogers (1975a:82) and Willekens 
and Rogers (1978:51-52). 
Probabilities of non-survival for persons in region i are 
given by 
n 6 (i) 
T Mx 
where i s  t h e   roba ability t h a t  a  pe r son  a t t a i n i n g  age  x  i n  X 
r e g i o n  i w i l l  d i e  b e f o r e  a t t a i n i n g  age x+n. 
The p r o b a b i l i t i e s  o f  s u r v i v a l  and s t a y i n g  a r e  found by 
s u b t r a c t i o n  
These p r o b a b i l i t i e s  o f  t r a n s i t i o n  a r e  t h e n  a p p l i e d  t o  t h e  
r e g i o n a l  c o h o r t s  a t  b i r t h ,  (age 0  i n  r e g i o n  i or b i r t h  i n  
r e g i o n  i) which may be a l l o c a t e d  v a l u e s  o f  1 ,  s o  t h a t  subsequen t  
s t a t i s t i c s  have a  " p e r  u n i t  born"  o r  " p r o b a b i l i t y - l i k e "  i n t e r -  
p r e t a t i o n ,  o r  v a l u e s  o f  s a y  100,000, when subsequen t  s t a t i s t i c s  
w i l l  have t h e  i n t e r p r e t a t i o n  o f  "numbers i n  a  h y p o t h e t i c a l  
c o h o r t n .  For conven ience ,  .we adopt  h e r e  t h e  " p r o b a b i l i t y n  i n t e r -  
p r e t a t i o n .  
I n  g e n e r a l ,  t h e  t r a n s i t i o n  h i s t o r y  of  t h e  h y p o t h e t i c a l  
c o h o r t  i s  t r a c e d  o u t  a s  f o l l o w s  
j where 
a t t a i n  
li i s  t h e  p r o b a b i l i t y  t h a t  pe r sons  born  i n  r e g i o n  j 
X j t i k  
age x  i n  r e g i o n  i and 0 x  is  t h e  p r o b a b i l i t y  t h a t  t h o s e  
p e r s o ns  make a  t r a n s i t i o n  t o  r e g i o n  k  a t  age  x+n ( t h a t  i s ,  a r e  
i n  r e g i o n  k a t  age  x+n, n  y e a r s  a f t e r  b i r t h d a y  x ) .  Equat ion 
( 7 )  g a t h e r s  t o g e t h e r  t h e s e  t r a n s i t i o n s  t o  o b t a i n  t h e  p r o b a b i l i t y  
t h a t  pe r sons  born i n  r e g i o n  j w i l l  be i n  r e g i o n  k  a t  age  x+n. 
The p r o b a b i l i t y  of dy ing  b e f o r e  r e ach ing  t h e  x+n-th b i r t h d a y ,  
g i v e n  you were born  i n  r e g i o n  j and were p r e s e n t  age  x  i n  r eg ion  
i, is estimated through equation (8) . Note that equation (6) 
contains a key assumption: that the probability of making an 
interregional transition between regions i and k is independent 
of region of birth. This is the normal assumption that has to 
be made to construct a multiregional life table but Ledent 
(1980~) has shown that if we can replace equation (6) by 
j ik is the probability that a person born in region j where opx 
will make a region i to region k transition in age interval x 
to x+n, then we must obtain a better estimate of people's life 
histories. 
It is convenient at this point in the exposition to move 
to a matrix notation and rewrite (6) and (7) as 
where 
j il and - ik e -X = roex P, - [pX I 
Then, the matrix Lx = [':L~I of number of life years spent 
in region i by persons born in region j, is obtained from 
The total number of years lived beyond age x by persons 
newly born, T in matrix form, is defined as 
-x 
where z  d e n o t e s  t h e  l a s t  a g e  group (z y e a r s  and o v e r ) .  L i f e  
expec tancy  can  be  d e f i n e d  (Wi l l ekens  and Rogers 1978:40,42) 
e i t h e r  by p l a c e  o f  r e s i d e n c e  
- 1  
e = T x ( < x )  X-X 
o r  by p l a c e  o f  b i r t h  
where xex r e f e r s  t o  a  m a t r i x  o f  l i f e  e x p e c t a n c i e s  beyond age  X 
c o n d i t i o n a l  on r e g i o n  of  r e s i d e n c e  a t  a g e  x ,  where oex i s  a  
m a t r i x  o f  l i f e  e x p e c t a n c i e s  beyond a g e  x  c o n d i t i o n a l  on r e g i o n  
of  b i r t h ;  where i s  a  d i a g o n a l  m a t r i x  w i t h  e l emen t s  o f  t h e  
v e c t o r  { i } ' g x  i n  t h e  d i a g o n a l ,  {i}' b e i n g  a  row v e c t o r  o f  ones .  
- 
A se t  of p roduc t s  of  t h e  m u l t i r e g i o n a l  l i f e  t a b l e  model 
a l t e r n a t i v e  t o  t h e  s t a t i s t i c s  a s s o c i a t e d  w i t h  t h e  expec t ed  
number o f  y e a r s  l i v e d  i n  v a r i o u s  r e g i o n s  by r e g i o n a l  c o h o r t s  
a r e  t h e  s t a t i s t i c s  on numbers o f  m i g r a t i o n s  t h a t  p a r t i c u l a r  
r e g i o n a l  c o h o r t s  e x p e c t  t o  make. Among t h e  s t a t i s t i c s  t h a t  
a r e  produced a r e  t h e  g r o s s  migraproduc t ion  r a t e ,  t h e  g e n e r a l i z e d  
n e t  m o b i l i t y  f u n c t i o n ,  and t h e  n e t  migraproduc t ion  r a t e .  These 
rates ( d e f i n e d  i n  Rogers 1975b and i n c o r p o r a t e d  i n  t h e  mu l t i -  
r e g i o n a l  l i f e  t a b l e  program i n  Wi l l ekens  and Rogers 1978:99-117) 
measure i n  v a r i o u s  ways t h e  numbers o f  m i g r a t i o n s  o u t  o f  p a r t i c -  
u l a r  r e g i o n s  expec ted  t o  be made by r e g i o n a l  b i r t h  coho r t s .  
.The g r o s s  m i g r a p r o d u c t i o n  r a t e  m a t r i x ,  GMR, i s  d e f i n e d  a s  
- 
z 0 GMR ru = n  1 [ M x j d  
x= 0 
wnere [y;ld i s  a  m a t r i x  o f  t o t a l  o u t m i g r a t i o n  r a t e s  from r e g i o n  
1  t o  r a r r a n g e d  a l o n g  t h e  p r i n c i p a l  d i a g o n a l  w i t h  z e r o e s  else- 
where. 
The g e n e r a l  m o b i l i t y  f u n c t i o n  is  computed a s  
and t h e  n e t  m i g r a p r o d u c t i o n  r a t e  m a t r i x  is  s imply  a  sum o f  t h e  
a g e - s p e c i f  j.c n o b i l i t y  m a t r i c e s  o v e r  a l l  a g e s  
NMR = 1 zx 
x=o 
The d i s t i n c t i o n  between t h e  e x p e c t a t i o n - o f - l i f e  and migra- 
p r o d u c t i o n - r a t e  s t a t i s t i c s  i s  an i m p o r t a n t  one  t o  keep  i n  mind 
a s  t h e  c h o i c e s  i n  l i f e  t a b l e  c o n s t r u c t i o n  a r e  reviewed i n  t h e  
p a p e r .  C e r t a i n  c h o i c e s  w i l l  be p r e f e r r e d  i f  good t i m e  s p e n t  
o r  l i f e  expec tancy  s t a t i s t i c s  a r e  what i s  s o u g h t ;  o t h e r  c h o i c e s  
w i l l  be recommended i f  good m i g r a p r o d u c t i o n  s t a t i s t i c s  a r e  t h e  
g o a l .  
The f i n a l  p r o d u c t  o f  t h e  m u l t i r e g i o n a l  l i f e  t a b l e  model,  
which w e  c o n s i d e r  h e r e ,  a r e  t h e  s u r v i v o r s h i p  r a t e s  ( a l s o  c a l l e d  
s u r v i v o r s h i p  p r o p o r t i o n s  i n  t h e  l i t e r a t u r e ) .  Normally,  t h e s e  
a r e  computed once  t h e  l i f e  table s t a t i o n a r y  p o p u l a t i o n s  I,x a r e  
known (Rogers  and Ledent  1975; Rogers 197Sa) 
al though we s h a l l  show l a t e r  t h a t  it i s  p o s s i b l e  t o  change t h e  
o r d e r  of  c a l c u l a t i o n  h e r e  and compute t h e  Lx v a r i a b l e s  given 
- 
observed va lues  f o r  t h e  Sx v a r i a b l e s .  The s u r v i v o r s h i p  r a t e s  
a r e  used as p a r t  o f  t h e  i n p u t  t o  popu la t ion  p r o j e c t i o n s .  
2 . 4  Choices: A l t e r n a t i v e  Approaches t o  t h e  Es t ima t ion  of  Multi-  
r e g i o n a l  L i f e  Tables  
What cho ices  f a c e  t h e  person who wishes t o  c o n s t r u c t  a 
m u l t i r e g i o n a l  l i f e  t a b l e ?  The a l t e r n a t i v e s  can be convenien t ly  
viewed i n  t h e  form of a  t a b l e ,  t h e  columns of which r e f e r  t o  
t h e  s t e p s  i n  t h e  c o n s t r u c t i o n  of  l i f e  t a b l e s ,  and t h e  rows t o  
t h e  t h r e e  approaches we d i s t i n g u i s h  (F igu re  1 ) .  
The f i r s t  cho ice  i s  between d a t a  t y p e s .  E i t h e r  d a t a  on 
e v e n t s  t a k i n g  p l a c e  a t  g iven  p o i n t s  i n  t i m e  may be used o r  d a t a  
on changes i n  a  p e r s o n ' s  c h a r a c t e r i s t i c s  between two p o i n t s  i n  
t i m e .  The f i r s t  t ype  o f  d a t a  we term "movements" d a t a ,  t h e  
second " t r a n s i t i o n s "  d a t a .  Movements d a t a  i n c l u d e  d e a t h s ,  
b i r t h s  and mig ra t ions ;  t r a n s i t i o n s  d a t a  i n c l u d e  non-survivors ,  
newly-born i n f a n t s  and mig ran t s .  Occas iona l ly ,  t r a n s i t i o n  
d a t a  may be c l a s s i f i e d  by r eg ion  of b i r t h ,  a l though  we know only  
of one count ry  (Uni ted S t a t e s )  i n  which t h e  neces sa ry  t a b u l a t i o n s  
have been produced. 
The second cho ice  i s  between p e r i o d s  over  which t h e  d a t a  
are c o l l e c t e d .  Movements d a t a  a r e  c o l l e c t e d  u s u a l l y  i n  r e g i s -  
t r a t i o n  systems f o r  annua l  pe r iods .  They can be used d i r e c t l y  
wi th  a  s i n g l e  y e a r  of age c l a s s i f i c a t i o n  of  t h e  popu la t ion  o r  
if t h i s  is  t o o  f i n e ,  t h e  one yea r  d a t a  can be e i t h e r  aggrega ted  
n  
ove r  a  l a r g e  pe r iod  o r  s u i t a b l y  m u l t i p l i e d  by where n  is  t h e  
age i n t e r v a l  used i n  t h e  l i f e  t a b l e  model and T t h e  pe r iod  f o r  
which d a t a  have been c o l l e c t e d .  
T r a n s i t i o n s  d a t a  d e r i v e  from p e r i o d i c  n a t i o n a l  censuses  
i n  which t h e  two p o i n t s  i n  t ime a r e  a  f i x e d  i n t e r v a l  a p a r t ,  
u s u a l l y  one t o  t e n  y e a r s  a p a r t .  I n  t h e  U . K .  census  of  1961 
(and 1981) ,  a  one yea r  q u e s t i o n  only  was employed; i n  t h e  Sov ie t  
census  of 1970 a  two y e a r  q u e s t i o n  was u t i l i z e d ;  i n  t h e  Aus t r a l i an  
Figure 1. Choices in the construction of multiregional life tables. 
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Notes t o  F i a u r e  1 
1. "Option lWr "Option 2", and "Option 3" are t h e  t i t l e s  given  t o  v a r i o u s  
p r o b a b i l i t y  e s t i m a t i o n  e q u a t i o n s  i n  Rogers (1975a) and Wi l lekens  and 
Rogers (1978).  
2. T = l e n g t h  o f  t i m e  p e r i o d  t o  which m o r t a l i t y  and m i g r a t i o n  d a t a  r e f e r  
n = t h e  age i n t e r v a l  used in t h e  l i f e  table model 
3. - i n d i c a t e s  t h a t  t h e  two c h o i c e s  under s e p a r a t e  columns are l i n k e d  
o f  n e c e s s i t y .  
4. The c h o i c e s  are d e f i n e d  i n  t h e  fo l l owi ng  s e c t i o n s  o f  t h e  paper .  
census  o f  1971, t h e  Canadian census  of  1971 and t h e  U . S .  censuses  
o f  1940, 1960, and 1970 a f i v e  y e a r  q u e s t i o n  w a s  used;  i n  t h e  
French c ensuse s  o f  1962, 1968 and 1975 e i g h t ,  s i x  and seven y e a r  
q u e s t i o n s  w e r e  posed,  r e s p e c t i v e l y ,  i n  o r d e r  t o  l i n k  t o g e t h e r  
s u c c e s s i v e  censuses .  I n  c e r t a i n  c ensuse s  i n f o r m a t i o n  abou t  more 
t h a n  one p e r i o d  o f  o b s e r v a t i o n  i s  a v a i l a b l e :  i n  t h e  U.K.  
c e n s u s e s  of  1966 and 1971, i n  t h e  Japanese  census  of  1970, and 
i n  t h e  A u s t r a l i a n  census  o f  1976 b o t h  one y e a r  and f i v e  y e a r  
m i g r a n t  d a t a  a r e  t a b u l a t e d .  I n  t h e  m a j o r i t y  of  s i t u a t i o n s ,  
t h e r e f o r e ,  t h e  r e s e a r c h e r  h a s  no c h o i c e  of  p e r i o d  l e n g t h .  
However, when t r a n s i t i o n  d a t a  a r e  employed, p e r i o d  l e n g t h  does  
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turn out to have a considerable effect on our estimate of the 
regional distribution of the life expectancies of babies born 
in the various regions, whereas when movement data are employed 
period length has no effect as long as migration patterns remain 
stable. 
The third set of choices involves the definition of rates: 
mortality and mobility rates in the movement and hybrid approaches, 
survivorship and non-survivorship rates in the transition 
approach. In the movement approach conventional definitions of 
mortality and mobility rates are used, and so no choices are 
involved, unless the movement data are classified by both age 
and birth cohort, when improvements to conventional methods 
are possible. In the hybrid and transition approaches there 
are alternative ways of computing rates, and we make a careful 
analysis of the alternatives. 
The fourth choice that needs to be made concerns the prob- 
ability definition equation. The choices involve the "options" 
defined by Rogers (1975a) , Rogers and Ledent (1 976) and Willekens 
and Rogers (1978), the modifications developed by Ledent (1978, 
1980a, 1980b) and suggestions made in Rees and Wilson (1975, 
1977) and Rees (1980a). 
Each method has its advantages and disadvantages: there 
is a fair measure of agre,ement between different methods for 
normal, low mobility and mortality situations; where mobility 
is very high, probabilities do differ significantly. 
Finally, there are a set of choices which carry over from 
the conventional life table concerning the function assumed for 
the life years lived/stationary population. In the case of the 
movement approach, these generally follow directly from the 
choices made for the probabilities, except that a choice is 
possible if the interpolative-iterative method is used. In the 
case of the hybrid approach the life years or stationary popula- 
tion equations are all directly linked with choices of probab- 
ility estimation equation. This is also true for the first 
choice of probability equation in the transition approach but 
with the second and third alternatives either of two stationary 
population equations can be used. 
3. THE MOVEMENT APPROACH 
3.1 General Characteristics 
The movement approach to multistate life tables grows 
naturally out of conventional life table methods. The movements 
considered in the conventional life table are those into life- 
births and those out of life-deaths. In the multiregional life 
table model further movements, into and out of regions, are 
incorporated. However, this introduces, as Ledent (1980) points 
out, a severe methodological problem: 
The fact is t h ~ t  any mode2 of the life-table type is 
a transition model: that is, ... moves have to be 
transformed into tranaitions. (Ledent 1980a:548) 
However, none of the methods we discuss or suggest effect this 
transformation satisfactorily, since we would need statistics 
such as the average number of interregional moves per inter- 
regional transition to use as divisors of moves. Such statistics 
are unavailable unless a country measures both movements through 
a registration system and asks a retrospective migration ques- 
tion of the right kind in the national periodic census. 
Why has this problem not been encountered before in life 
table work? The reason is fairly simple. In conventional 
life tables the number of movements always equals the number of 
transitions, that is: 
and 
t he  number of t r a n s i t i o n s  
t h e  number of b i r t h s  from p reex i s t ence  t o  ex i s -  
(moves from preexis -  = t ence  o r  t h e  number of per -  
tence  t o  e x i s t e n c e )  sons making those  t r a n s i -  
t i o n s  ( i n f a n t s  born) 
t h e  number of t r a n s i t i o n s  
t h e  number of dea ths  from ex i s t ence  t o  pos t -  
(moves from e x i s t e n c e  = e x i s t e n c e  o r  t h e  number o f  
t o  pos t -ex is tence)  persons making those  t r a n s i -  
t i o n s  ( t h e  non-survivors) 
with one or two significant individual exceptions. 
This problem of moves-transitions inequality undoubtedly 
occurs in other multistate population systems such as marital 
status classified populations but hithertofore has not come to 
light because over short periods (say, of a year) the inequality 
was  roba ably small. However, legal changes in divorce law in 
many countries have increased the possibilities of multiple 
moves within short time periods. Such an inequality is so obvious 
and serious in the case of employment classified populations 
that substantial surveys have been mounted to measure the numbers 
of persons continuously in unemploymknt, and to test the claim 
that rising unemployment consists of a larger number of short 
spells rather than the lengthening of the spells of unemployment 
of persons already unemployed. 
If interest is focussed on assessing the numbers of moves 
that are likely to occur in a population, then counter-arguments 
in favor of the transition approach can be mounted, although in 
as much as the stationary population statistics involved in 
migraproduction functions will be biased, so will those statistics 
themselves. 
3.2 General Equations 
Formally, the movement approach is characterized by two 
sets of equations--flow and orientation equations--originally 
proposed by Schoen and Nelson (1974) and Schoen (1975) in the 
context of marital status analysis and later generalized by 
Rogers and Ledent (1976) ; the generalization pertains to the 
introduction a second subscript referring to the place-of-birth. 
The flow equations may be defined as 
kfi kfi 
where idik terms are the life table displacements from region i 
to region k that occur to members of the born-in-region j cohort 
6 ( i )  a r e  t h e  numbers i n  t h e  age  i n t e r v a l  x  t o  x+n ,  and t h e  odx 
o f  d e a t h s  t h a t  o c c u r  i n  r e g i o n  i t o  p e r s o n s  i n  t h e  r e g i o n  j b i r t h  
c o h o r t  between a g e s  x  and x+n. So t h e  f i r s t  set  o f  decrements  
. . 
from are t h e  e s t i m a t e d  o u t - m i g r a t i o n s ,  t h e  second  set o f  0  x  
dec rements  are t h e  d e a t h s  and t h e  se t  o f  i n c r e m e n t s  are t h e  
e s t i m a t e d  i n - m i g r a t i o n s  a l l  o c c u r r i n g  t o  t h e  l i f e  t a b l e  c o h o r t  
born  i n  r e g i o n  j. T h i s  e q u a t i o n  i s  t h e  l i f e  t a b l e  e q u i v a l e n t  
t o  t h e  s i m p l e  components-of-growth e q u a t i o n  f r e q u e n t l y  used  t o  
e s t i m a t e  r e g i o n a l  p o p u l a t i o n s .  
The o r i e n t a t i o n  e q u a t i o n s  may be  d e f i n e d  a s  
which c o n t a i n  t h e  assumpt ion  t h a t  t h e  l i f e  t a b l e  r a t e s  o f  moving 
between r e g i o n  i and r e g i o n  k  a t  a g e  x ,  m ik and t h e  l i f e  t a b l e  
X 
r a t e s  o f  d y i n g  i n  r e g i o n  i a r e  i n d e p e n d e n t  o f  p l a c e  of b i r t h .  
I f  movement s t a t i s t i c s  a r e  c l a s s i f i e d  by p l a c e  o f  b i r t h  o f  t h e  
p e r s o n  making t h e  move, t h e n  th is  r e s t r i c t i o n  can  be  r e l a x e d .  
Normally, however,  w e  assume 
m d ( i )  = S (i) 
X X 
where t h e  c a p i t a l  M ' s  r e f e r  t o  t h e  obse rved  r a t e s  c o r r e s p o n d i n g  
t o  t h e  l e f t - h a n d  s i d e  l i f e  t a b l e  r a t e s .  The o b s e r v e d  r a t e s  
were d e f i n e d  e a r l i e r  i n  e q u a t i o n s  (1 ) and ( 2 )  . 
L e t  us  now s u b s t i t u t e  t h e  r i g h t - h a n d  s i d e s  of e q u a t i o n s  
(18)  and ( 1 9 )  f o r  t h e  d i s p l a c e m e n t s  v a r i a b l e s  i n  t h e  r ight -hand 
s i d e  o f  ( 1 7 ) ,  r e a r r a n g i n g  t h e  t - v a r i a b l e s  a t  t h e  same t i m e  and 
m u l t i p l y i n g  bo th  s i d e s  by -1 
Now by us ing  t h e  device  invented by Rogers and Ledent ( 1 9 7 6 )  of 
a r ranging  a l l  t h e  m r a t e s  i n  a  mat r ix  thus :  
w e  can re-express  equat ion  (22) a s  a  matr ix  equat ion  
where 
and 
The transpositions are used to preserve the original superscript 
ordering used in our algebraic equations. 
To compute the Lx - matrix the equation (24) is rearranged 
Note that the above reasoning also applies to the last age 
group (whose length is w - z where w is the maximal age one can 
reach) ; equation (24) still holds but, since the second term 
on the left-hand side is zero, it simply becomes (Ledent 1978) 
so that LZ can be obtained from 
- 
The sequence of multiregional life table statistics then follows 
once L, is known, as outlined in an earlier section. 
- 
3.3 Applied Calculation 
To derive the values for the ex, ex and L variables, some 
- X 
four methods have been suggested 
1 ) the linear method 
2) the exponential method 
3) the cubic method 
4) the iterative-interpolative method 
Each of these is discussed in turn. 
3 . 3 . 1  The L i n e a r  Method ( " O p t i o n  3 " )  
Here the assumption is made that the stationary population 
is a simple average (linear integration) of 5, and matrices : 
where n is the age group interval (equal to the period length). 
This is simply a restatement of equation (9). Now we can sub- 
stitute for Lx in equation (24) from the right-hand side of 
-, 
equatlon (30) and also replace mx by the observed Mx [the 
- -, 
assumptions of equations (20) and (21 ) I  to yield 
e - - I1 
-x ex+n - Gx 2% + +x+n I 
Then if we multiply out the right-hand side thus, 
regroup all terms involving ex on the left-hand side and terms 
involving 
- 
on the right-hand side, we obtain 
s o  t h a t  ( a s  given i n  Rogers and Ledent 1976) 
XI n  Because ( I  + 7 M ) and ( I  - - M a r e  commutative, w e  can a l s o  
- L - S  - 2  - X  
w r i t e  equa t ion  (33)  a s  
a s  de r ived  i n  Ledent (19781, where it i s  shown t h a t  t h e  l i n e a r  
formula f o r  ex i s  e q u i v a l e n t  t o  assuming t h a t  movements o u t  of 
o r  i n t o  a  s t a t e  a r e  evenly d i s t r i b u t e d  over  an age/t ime i n t e r v a l  
(Ledent 1978:42fn) .  So t h a t ,  w e  can r e p l a c e  t h e  p r o b a b i l i t i e s  
m a t r i x  i n  e q u a t i o n  (25)  by a  ma t r ix  exp res s ion  involved t h e  
observed r a t e s  of m o r t a l i t y  and mob i l i t y :  
o r  i f  t h e  r a t e s  a r e  n o t  annual  r a t e s  w e  s h o u l d m o d i f y  t h i s  t o  
I n  t h e  methods and programs monograph by Willekens and Rogers 
(1978) ,  t h i s  i s  r e f e r r e d  t o  a s  t h e  "Option 3" method, and t h i s  
i s  i t s  t i t l e  i n  t h e  p - d e f i n i t i o n  column, movement method row 
i n  F igure  1 .  
A s  f o r  t h e  p r o b a b i l i t i e s  o f  non - su rv iva l  p:6, t h e y  can be 
6 
assembled i n  a v e c t o r  {px} which can be o b t a i n e d  a s  a  r e s i d u a l  
from 
where { i )  i s  a column v e c t o r  of ones  
P ; i s  t h e  t r a n s p o s e  m a t r i x  of  px 
I n  f a c t ,  t h e s e  p r o b a b i l i t i e s  c an  be f u r t h e r  d i s a g g r e g a t e d  
t o  a c c o un t  f o r  t h e  p l a c e  i n  which t h e  d e a t h s  a c t u a l l y  occur .  
I t  h a s  been shown (Ledent  1978) t h a t  t h e  m a t r i x  p6--whose 
, X 
( i , j ) - t h  e l emen t  i s  t h e  p r o b a b i l i t y  o f  dy ing  i n  r e g i o n  i f o r  
an  i n d i v i d u a l  aged x i n  r e g i o n  j--can be d e r i v e d  from 
where M& i s  a d i a g o n a l  m a t r i x  of  t h e  r e g i o n a l  dea th  r a t e s .  
-X 
3.3.2 The Exponential Method 
An a l t e r n a t i v e  s t a r t i n g  p o i n t  f o r  t h e  c a l c u l a t i o n  o f  exus  
and L ' s  i s  t h a t  of  assuming t h a t  t h e  i n s t a n t a n e o u s  f o r c e s  o f  
-X 
m o r t a l i t y  and m o b i l i t y  a r e  e q u a l  t o  t h e  obse rved  d i s c r e t e  
c o u n t e r p a r t s  o v e r  a n  age  i n t e r v a l :  tha t  i s ,  
f o r  a l l  y  such  t h a t  x  < y  < x+n where ~ ( y )  is  a  m a t r i x  o f  
- 
i n s t a n t a n e o u s  rates o f  m o r t a l i t y  pi' (y)  and m o b i l i t y  pi] (y )  , 
f u n c t i o n s  o f  c o n t i n u o u s  age  y ,  a r r a n g e d  i n  t h e  same f a s h i o n  
a s  Mx [whose t r a n s p o s e  w a s  d e f i n e d  i n  e q u a t i o n  (2311.  Krishna- 
- 
moorthy (1979) and Schoen and Land (1979) have shown t h a t  t h i s  
assumption l e a d s  t o  t h e  fo l lowing  exp res s ion  f o r  t h e  p - x  prob- 
a b i l i t i e s  
The r i g h t  s i d e  exp res s ion  i s  eva lua t ed  by us ing  ma t r ix  equiva- 
l e n t  of t h e  Taylor  expansion f o r  computing e-X 
wi th  a s  many t e r m s  being used i n  t h e  computing a lgo r i t hm t o  
g i v e  ex p r o b a b i l i t i e s  a c c u r a t e  t o  t h e  s i x t h  decimal  p l ace  o r  
Note t h a t  
To e s t i m a t e  t h e  Ex mat r ix  i n  t h i s  method, t h e  mx - terms i n  
equa t ion  (24)  a r e  r ep l aced  by t h e  observed rates 
al though o c c a s i o n a l l y  computation of  t h e  i n v e r s e  of M -x does g i v e  
problems when t h e  m o r t a l i t y  r a t e s  a r e  low and need t o  be care -  
f u l l y  checked. 
3 . 3 . 3  The  C u b i c  ~ e t h o d  
AS an a l t e r n a t i v e  t o  t h e  l i n e a r  and e x p o n e n t i a l  methods, 
one czn use  t h e  c u b i c  method proposed by Schoen and Nelson 
(1974) and f u r t h e r  extended by Ledent (1978) ; a g a i n  t h e  exten-  
s i o n  p e r t a i n s  t o  t h e  i n t r o d u c t i o n  of a second s u b s c r i p t  r e l a t i n g  
t o  t h e  p l a c e  of b i r t h .  The i n t e g r a t i o n  of Lx - i s  c a r r i e d  o u t  
by f i t t i n g  a c u r v e  o f  d e g r e e  t h r e e  t h r o u g h  f o u r  s u c c e s s i v e  
v a l u e s  ( t h e  c o n v e n t i o n a l  l i f e  t a b l e  v e r s i o n  i s  e x p l a i n e d  and 
d e r i v e d  i n  K e y f i t z  1968) ex, and ex+2n: 
w i t h  s l i g h t  m o d i f i c a t i o n s  o f  t h i s  fo rmula  f o r  t h e  f i r s t ,  s e c o n d ,  
and l a s t  b u t  o n e  l a s t  a g e s :  
Rote  t h a t  t h e  s p e c i a l  t r e a t m e n t  o f  t h e s e  a g e  g r o u p s  f o l l o w s  
t h e  p r o c e d u r e  u s e d  i n  t h e  a p p l i c a t i o n  o f  t h e  a n a l o g o u s  method 
usea  i n  t h e  c o n s t r u c t i o n  o f  an  o r d i n a r y  l i f e  t ab le  ( K e y f i t z  1 9 6 8 ) .  
To d e r i v e  t h e  ex v a l u e s  e i t h e r  t h e  l i n e a r  o r  t h e  e x p o n e n t i a l  
- 
method c a n  be  u s e d  t o  g i v e  i n i t i a l  v a l u e s  which a r e  i n p u t  t o  
e q u a t i o n  ( 4 4 )  and  t h e n  used i n  a  r e a r r a n g e m e n t  o f  e q u a t i o n  (24) 
w i t h  Mx s u b s t i t u t e d  f o r  mx f o r  c o m p u t a t i o n a l  p u r p o s e s ,  t o  g i v e  
- - 
f r e s h  ex e s t i m a t e s .  The p r o c e d u r e  i s  r e p e a t e d  u n t i l  sa t is -  
- 
f a c t o r y  ex v a l u e s  are o b t a i n e d  ( t h a t  i s ,  when t h e  s i x t h  
d e c i m a l  p l a c e  v a l u e  d o e s  n o t  change w i t h  s u c c e s s i v e  i t e r a t i o n s ) .  
I f  t h e  p r o b a b i l i t y  m a t r i x  v a l u e s  a r e  r e q u i r e d  t h e y  may be  
o b t a i n e d  from 
us ing  t h e  l v a l u e s  t h a t  have been g e n e r a t e d  from e q u a t i o n s  (44)  
- x 
through ( 4 8 ) .  I f  some o f  t h e  s t a t e s  employed a r e  i n i t i a l l y  
empty (which w i l l  v i r t u a l l y  never  be the c a s e  i n  m u l t i r e g i o n a l  
a p p l i c a t i o n s ) ,  t h e  assuming r a d i c e s  of 1 f o r  t h o s e  s t a t e s  w i l l  
ensu re  t h a t  t h e  computa t ions  ( i n v e r s i o n  of  gX) can  be c a r r i e d  
o u t .  
3.3.4 T h e  Iterative-Interpolative Method 
The l i n e a r ,  e x p o n e n t i a l  and c u b i c  methods r e l y  on t h e  
assumption t h a t  t h e  l i f e  t a b l e  r a t e s  a r e  e q u a l  t o  t h e  observed 
r a t e s .  Th is  assumpt ion i s  n o t  t e s t e d .  However, K e y f i t z  (1966,  
1968) h a s  developed " l i f e  t a b l e  t h a t  i t e r a t e s  t o  t h e  d a t a n ;  
Oechs l i  (1972, 1975) ha s  o u t l i n e d  t h e  p r i n c i p l e s  upon which 
t h i s  method might  be developed f o r  a m u l t i s t a t e  system. I n  
t h e  c o n t e x t  o f  i n t e r r e g i o n a l  m i g r a t i o n ,  such  a  method was f i r s t  
developed by Ledent  and Rogers (1972) and l a t e r  improved by 
Ledent  (1978:54-57). A f u r t h e r  improvement of  t h i s  method i s  
pre sen t ed  below. 
The c a l c u l a t i o n  comprises  two s t e p s .  F i r s t ,  t h e  m o r t a l i t y  
and m o b i l i t y  c u r v e s  a r e  g radua ted  t o  s m a l l  i n t e r v a l s  and t hen  
t h e  r a t e s  f o r  t h e  s m a l l  age  i n t e r v a l s  a r e  a d j u s t e d  s o  t h a t ,  
aggrega ted  t o  t h e  l a r g e r  age i n t e r v a l s  normal ly  employed i n  
m u l t i r e g i o n a l  l i f e  t a b l e s  ( 5  y e a r s ) ,  t h e y  match t h e  observed 
r a t e s .  
The method adopted h e r e  f i t s  a  c u b i c  s p l i n e  f u n c t i o n  t o  
t h e  observed m o r t a l i t y  and m o b i l i t y  r a t e s  t o  c a r r y  o u t  t h e  
r e q u i r e d  i n t e r p o l a t i o n  ( u s i n g  a  s i m i l a r  method t o  t h a t  d e s c r i b e d  
by M c N e i l ,  T r u s s e l l  and Turner 1977) .  The i n t e r p o l a t i o n  was 
t o  r a t e s  a p p l i c a b l e  t o  one-year age groups  ( r a t h e r  t h a n  0.2 
yea r  age g roups)  because  o f  computing c o n s t r a i n t s .  
Once t h e  v a l u e s  o f  t h e  m o r t a l i t y  and m o b i l i t y  r a t e s  f o r  
t h e  s i n g l e  y e a r  age g roups  have been i n t e r p o l a t e d ,  one u se s  
e i t h e r  t h e  l i n e a r  o r  t h e  e x p o n e n t i a l  o r  t h e  c u b i c  method t o  
L and hbx v a l u e s  f o r  s i n g l e  y e a r s  o f  a g e  d e r i v e  t h e  hgxf h-xf 
where h i s  t h e  s m a l l  a g e  group i n t e r v a l  (one  i n  t h i s  c a s e ) .  
From t h e s e  v a l u e s ,  t h e  i m p l i e d  f i v e  y e a r s  o f  a g e  r a t e s  of  
m o r t a l i t y  and m o b i l i t y  can be d e r i v e d  from e q u a t i o n  (24)  
r e w r i t t e n  a s  
where t h e  1 and ex+, m a t r i c e s  a r e  s e l e c t e d  from t h e  more d e t a i l e d  
-.x 
e e e e h5x'h-x+h'hLx+2h'".'h-x+n series and 
The m* e s t i m a t e  t h u s  o b t a i n e d  w i l l  g e n e r a l l y  n o t  a g r e e  w i t h  
- X  
t h e  o b s e r v e d  Mx. Improved e s t i m a t e s  o f  t h e  s i n g l e  y e a r  m o r t a l i t y  
- 
and m o b i l i t y  r a t e s  a r e  o b t a i n e d  by a d j u s t i n g  t h e  i n i t i a l  e s t i m a t e s  
u s i n g  
. . Mi j 
m 1 3  (k  + 1 ) = mi' (k) X 
h Y h Y mi'* ( k )  
X 
and 
f o r  a l l  i from 1 t o  r ,  a l l  j from 1 t o  r ,  and a l l  y such  t h a t  
x I y < x+n-h, where k and k + 1 r e f e r  t o  s u c c e s s i v e  i t e r a t i o n s  
of  t h e  p r o c e d u r e .  The p rocedures  i n v o l v i n g  e q u a t i o n s  ( 5 0 )  
th rough  (53)  a r e  r e p e a t e d  u n t i l  convergence  i s  a c h i e v e d ,  t h a t  
i s ,  u n t i l  
i ij* 
< . 0 0 0 0 0 1  , m x  ( k )  - blX 
( i ) *  ( k )  - M ~ I  1 < .000001 1 mx 
f o r  a l l  i ,  j and x .  
3 . 3 . 5  A b ~ u t  s h e  L a s t  Age Group 
The t r e a t m e n t  o f  t h e  l a s t  age  g roup  i s  t h e  same r e g a r d l e s s  
o f  t h e  method used .  One s imply  s u b s t i t u t e s  t h e  o b s e r v e d  r a t e s  
m a t r i x  MZ f o r  t h e  l i f e  t a b l e  r a t e s  m a t r i x  m, i n  e q u a t i o n  ( 2 8 ) .  
., .., 
3.4 The E f f e c t s  o f  A l t e r n a t i v e  Methods 
Schoen (1979) h a s  looked a t  t h e  e f f e c t  o f  t h e  f i r s t  t h r e e  
o f  t h e  p r o b a b i l i t y  e s t i m a t i o n  methods i n  a  m a r i t a l  s t a t u s  c l a s -  
s i f i e d  p o p u l a t i o n  sys tem.  Here w e  e x t e n d  t h e  compar ison t o  a  
m u l t i r e g i o n a l  p o p u l a t i o n  s y s t e m  and i n c l u d e  t h e  a d d i t i o n a l  
i n t e r p o l a t i v e - i t e r a t i v e  method i n  t h e  compar ison.  To a s c e r t a i n  
how i m p o r t a n t  t h e  c h o i c e  o f  method o f  p r o b a b i l i t y  and l i f e  y e a r s  
e s t i m a t i o n  i s  w e  a p p l y  e a c h  method t o  d a t a  f rom D r e w e  (1980) on 
t h e  N e t h e r l a n d s  c a s e  i n  t h e  IIASA M i g r a t i o n  and S e t t l e m e n t  series 
o f  c o u n t r y  s t u d i e s .  M i g r a t i o n  d a t a  c o l l e c t e d  are o f  t h e  movement 
t y p e  a s  i s  c l e a r  from D r e w e ' s  d e s c r i p t i o n  
A s  r e g a r d s  m i g r a t i o n  d a t a ,  movers ( m i g r a t i n g  f a m i l i e s  
o r  s i n g l e  p e r s o n s )  r e c e i v e  a  s p e c i a l  c a r d  ( " v e r h u i s -  
k a a r t " )  f rom t h e  m u n i c i p a l i t y  o f  o r i g i n ,  which t h e y  
a r e  r e q u e s t e d  t o  f i l l  i n  and hand o v e r  t o  t h e  munici-  
p a l i t y  o f  d e s t i n a t i o n .  A f t e r  r e g i s t r a t i o n ,  t h e  c a r d  
is  r e t u r n e d  t o  t h e  m u n i c i p a l i t y  o f  o r i g i n ,  and  from 
t h e r e  it i s  p a s s e d  on t o  t h e  C e n t r a l  Bureau o f  S t a t i s -  
t i c s  ( D r e w e  1980:16) .  
D r e w e ' s  d a t a  have  been a g g r e g a t e d  f o r  conven ience  o f  p r e s e n t a t i o n  
t o  a  f o u r - r e g i o n  s y s t e m  by combining t h e  South-West and South  
r e g i o n s  i n t o  one. The d e t a i l e d  makeup o f  each  r e g i o n  i n  t e r m s  
o f  Dutch p r o v i n c e s  i s  s p e l l e d  o u t  i n  t h e  f o o t n o t e  t o  Table  2.  
S e l e c t e d  m u l t i r e g i o n a l  l i f e  t a b l e  s t a t i s t i c s  are p r e s e n t e d  
i n  T a b l e s  2 t h r o u g h  4 ,  and i n  F i g u r e  2. T a b l e  2  shows t h e  
p r o b a b i l i t i e s  f o r  t h e  age 20 t o  age  25 t r a n s i t i o n .  The 
columns o f  t h e  t a b l e  r e f e r  t o  a  s e p a r a t e  computer  r u n  employing 
t h e  method i n d i c a t e d  a t  t h e  t o p  o f  t h e  column: t h e  l a s t  two 
Table 2. Netherlands: transition probabilities, ages 20 to 25 
(P20) ' 
Method of probability estimation 
Interpolative-iterative 
Regions Linear Exponential Cubic Linear Exponential 
DEATH PROBABILITIES 
North .00376 .00375 -00376 -00376 .00376 
East -00378 .00378 .00378 .00378 .00378 
West -00299 .00299 .00299 .00299 .00299 
South .00385 .00385 .00385 .00385 .00385 
SURVIVAL AND STAYING PROBABILITIES 
North .80886 .80876 ,80892 .80929 .80933 
East .76554 -76747 -76593 -76682 .76689 
West .86852 .86925 .86835 .86851 .86854 
South .84295 .84357 .84321 -84357 .84 360 
OUT-MIGRATION PROBABILITIES FROM NORTH TO: 
East .0747 2 .07392 .07460 -07426 .07423 
West .09180 .09153 .09175 .09162 ,09161 
South .02086 .02103 .02097 .02 107 -02107 
O'JT-MIGRATION PROBABILITIES FROM EAST TO : 
North .04218 .04175 .04205 .04186 .04184 
West .12994 -12887 .12963 .12911 -12907 
Soutn .05856 .05814 .05859 .05844 .05844 
OUT-MIGRATION PROBABILITIES FROM WEST TO: 
North .024 38 .02430 .02440 .02438 .02438 
East -05722 .05674 -05724 .05711 .05709 
South -04689 .04671 .04702 .04701 .04701 
OUT-MIGRATION PROBABILITIES FROM SOUTH TO: 
North .01036 .01045 .01040 .01044 .01044 
East .04774 .04742 .04762 -04745 .04743 
West .09510 .09472 .09492 -09469 .09468 
Note: The probabilities in the table are given to five decimal places. 
They were computed to six. 
SOURCE: The population, deaths and migrations data for the Netherlands were 
abstracted from Appendix A in Drewe (1980:44-48). The five regions 
Drewe used were aggregated to four by combining his South and South- 
West regions. The regions are aggregations of the Dutch provinces 
and are composed as follows: North is made up of Groningen, Fries- 
land and Drenthe; East is made up of Overijssel and Gelderland; 
West is an aggregation of Utrecht, Noord-Holland, and Zuid-Holland; 
South (in this paper) is an amalgam of Noord-Brabant, Limburg and 
Zeeland. 
columns show two alternative versions of the interpolative- 
iterative method, one in which the linear method is used with 
the (converged) one year mortality and mobility rates, and the 
other in which the exponential method is used. We could also 
have used the cubic method. A glance at the table and Table 3 
shows that this sub-choice makes very little difference to the 
resulting life table statistics. 
The arrangement of statistics in Table 2 is as follows. 
The probabilities are most usually shown in the form of a matrix 
or table of migration probabilities, such as in the linear case 
From Migration t o  
North East  West South 
North .80886 .07472 ,09180 .02086 
East  .04218 .76554 .12994 .05856 
west .024 38 .05722 .86852 .04689 
South .01036 .04774 .09510 .84295 
and a vector of death probabilities 
From Death 
North 
Eas t  
West -00299 
South .00385 
In Table 2 the migration probabilities and death probabilities 
have been rearranged in one continuous column, the death prob- 
abilities first, then the retention probabilities (the diagonal 
elements of the matrix), followed by the remaining elements in 
the matrix, row by row. The same rearrangement has been affected 
in Table 3 for life expectancies by region of birth and the 
percentage distribution of life expectancies for each region of 
birth by the regions in which life is spent. 
Table  3 .  Nether lands :  r e g i o n a l  l i f e  e x p e c t a n c i e s  a t  b i r t h  ( i n  
y e a r s )  and t h e i r  d i s t r i b u t i o n  by r e g i o n  of r e s i d e n c e  
( i n  p e r c e n t a g e s )  . 
Method  of probabi l i ty  e s t i m a t i o n  
Interpolative-iterative 
R e g i o n s  L i n e a r  E x p o n e n t i a l  C u b i c  L i n e a r  E x p o n e n t i a l  
L IFE EXPECTANCIES BY REGION AT BIRTH 
N o r t h  74.60 74.57 74.65 74.64 74.64 
E a s t  74.53 74.49 74.57 74.56 74.56 
West 74.81 74.78 74.86 74 -86 74.85 
S o u t h  74.44 74.40 74.49 74.48 74.47 
P E X E N T  OF L I F E  SPENT I N  REGION OF BIRTH 
N o r t h  60.00 60.01 59.99 59.99 59.99 
E a s t  56.47 56.50 56.48 56.49 56.49 
west 64.78 64.79 64.76 64.76 64.76 
S o u t h  69.98 69.99 69.98 69.99 69.99 
P E X Z W  OF L I F E  SPENT IN OTHER REGIONS: BORN I N  NORTH 
E a s t  14.75 14.74 14.75 14.75 14.75 
West 17.44 17.43 17.43 17.43 17.43 
S o u t h  7.81 7.81 7.82 7.83 7 -83 
PERCENT OF L I F E  SPENT IN OTHER REGIONS: BORN I N  EAST 
N o r t h  8.75 8.74 8.75 8.75 8.75 
West 21.06 21.04 21.04 21.03 21.03 
S o u t h  13.72 13.72 13.73 13.73 13.73 
PERCENT OF L I F E  SPENT IN OTHER REGIONS: BORN I N  WEST 
N o r t h  7.01 7.01 
E a s t  13.80 13.80 
S o u t h  14.40 14.40 
PERCENT OF LIFE SPENT IN OTHER REGIONS: BORN I N  SOUTH 
N o r t h  3.45 3.45 
E a s t  10.01 10.00 
West 16.56 16.55 
The p r i n c i p a l  f e a t u r e  of t h e  r e s u l t s  of t h e s e  f i v e  expe r i -  
ments w i th  d i f f e r e n t  a l t e r n a t i v e s  of t h e  movement approach i s  
t h a t  t hey  a l l  a r e  i n  very  c l o s e  agreement.  The maximum d i sag ree -  
ment between methods i n  l i f e  expec t anc i e s  a t  b i r t h  i s  0.09 of 
a  year  (South e x p o n e n t i a l  r e s u l t  compared w i t h  South c u b i c )  o r  
j u s t  a l i t t l e  ove r  a  month, and between r e t e n t i o n  percen tages  
i s  0.03 of a  p e r c e n t  (Table  3 ) .  The p r o b a b i l i t i e s  of t r a n s i t i o n  
from age 20 t o  25 (Table 2 )  show g r e a t e r  d i f f e r e n c e s  b u t  t h e s e  
a r e  compensated f o r  by d i f f e r e n c e s  i n  t h e  o p p o s i t e  d i r e c t i o n  a t  
o t h e r  ages .  
W e  have no " t r u e "  l i f e  t a b l e  v a l u e s  a g a i n s t  which t o  e v a l u a t e  
t h e  methods p r o p e r l y ,  b u t  w e  can  select t h e  i n t e r p o l a t i v e - i t e r a t i v e  
method a s  a  s t a n d a r d ,  and t h e o r e t i c a l l y  t h e  b e s t  a l t e r n a t i v e ,  
a g a i n s t  which t o  compare t h e  o t h e r s .  I n  F igure  2a a r e  p l o t t e d  
t h e  d i f f e r e n c e s  between t h e  r e t e n t i o n  p r o b a b i l i t i e s  f o r  t h e  North 
reg ion  and t h o s e  f o r  t h e  l i n e a r ,  c u b i c  and exponen t i a l  methods, 
and i n  F igu re  2b t h e  cor responding  d i f f e r e n c e s  f o r  t h e  p robab i l -  
i t i e s  of mig ra t ion  from t h e  South r e g i o n  t o  t h e  North a r e  p l o t t e d .  
The c u b i c  methcd t u r n s  o u t  t o  be  t h e  c l o s e s t  t o  t h e  i n t e r -  
p o l a t i v e - i t e r a t i v e  method ( t h a t  i s ,  c l o s e s t  t o  t h e  h o r i z o n t a l  
l i n e  p l o t t e d  a t  t h e  z e r o  l e v e l )  i n  terms of  r e t e n t i o n  and migra- 
t i o n  p r o b a b i l i t i e s .  The l i n e a r  method f a r e s  b e t t e r  t han  t h e  
exponen t i a l  f o r  t h e  r e t e n t i o n  p r o b a b i l i t i e s  shown i n  F igure  2a 
bu t  s l i g h t l y  worse f o r  t h e  mig ra t ion  p r o b a b i l i t i e s  p l o t t e d  i n  
F igure  2b. O v e r a l l ,  t h e  l i n e a r  and e x p o n e n t i a l  methods perform 
a t  much t h e  same " e r r o r "  l e v e l  i n  d i s t r i b u t i n g  l i f e  a c r o s s  t h e  
Dutch r e g i o n s ,  b u t  t h e  exponen t i a l  method g i v e s  s l i g h t l y  worse 
t o t a l  l i f e  e x p e c t a n c i e s .  A s  might be expec ted  t h e  l i n e a r ,  
exponen t i a l  and c u b i c  methods f a r e  wors t  compared w i t h  t h e  
i n t e r p o l a t i v e - i t e r a t i v e  method between ages  15 and 25 when t h e  
migra t ion  p r o p e n s i t y  cu rves  a r e  a l t e r i n g  shape and d i r e c t i o n  
d r a m a t i c a l l y ,  and a t  t h e  l a s t  two ages  t r a n s i t i o n s  where r a t h e r  
u n s a t i s f a c t o r y  assumptions  a r e  made. 
A. Netherlands, north region age-lpecific 
retention probabilities; deviations from interpolative- 
I iterative method probabilities (I-IP), linear variant 
+.003 Abwe I-IP (overestimates) 
Below I-IP (underestimates) 
B. Netherlands, south region to north region age-specific 
transition probabilities; deviations from interpolative- 
iterative method probabilities (I-IP), linear variant 
+.00006 .- Above I-IP (overestimaresl 
+.ooob4 -- 
+.woo2 -- 
. m o  
-. 00002 - -  \ 
'\ 
-.00004 -- \ \ 
-.00006 -- 
-.00008 -- 
Below I-IP (underestimates) 
Linear Exponential Cubic 
---- - .  - 
Figure 2. Comparisons of selected probabilities from linear, 
exponential, and cubic methods with those from the 
iterative-interpolative method. 
A f i n a l  s e t  of  s t a t i s t i c s  which c a n  be  used t o  e v a l u a t e  
t h e  movement approach a l t e r n a t i v e s  a r e  t h e  mean d u r a t i o n s  t o  
t r a n s f e r  ( w i t h i n  an  age  i n t e r v a l ) - - s h o w n  i n  Tab le  4- -obta ined 
f o r  e a c h  method by a p p l y i n g  t h e  e q u a t i o n  g i v e n  by Ledent  (1978: 
39-40, e q u a t i o n  48) 
where [a, @ mx] i s  a  m a t r i x  each  e l e m e n t  of  which c o n s i s t s  o f  a  ... 
term i n  a  m a t r i x  ax m u l t i p l i e d  by t h e  c o r r e s p o n d i n g  t e r m  i n  t h e  
mx m a t r i x ,  s o  t h a t  
The aik v a r i a b l e s  a r e  t h e  a v e r a g e  t i m e  s p e n t  i n  r e g i o n  i by 
X 
6 ( k )  a r e  t h e  a v e r a g e  p e r s o n s  making moves t o  r e g i o n  k ,  and t h e  a x  
t i m e s  s p e n t  i n  k  b e f o r e  d e a t h ,  a l l  i n  t h e  age t r a n s i t i o n  x  
t o  x+n. The a:'s a r e  computed by d i v i d i n g  each  o f f - d i a g o n a l  
e l e m e n t  i n  t h e  [ax  63 m I m a t r i x  by t h e  c o r r e s p o n d i n g  e l e m e n t  
.. - X 
i n  t h e  mx m a t r i x ;  t h e  o f f - d i a g o n a l  v a l u e s  can  t h e n  b e  i n s e r t e d  
- 
i n  t h e  d i a g o n a l  and t h e  a x  ( k )  s worked o u t .  Numer ica l ly ,  t h e  
a p p l i c a t i o n  o f  e q u a t i o n  ( 5 6 )  g i v e s  rise t o  s l i g h t  problems i n  
t h e  c a s e  o f  younger a g e s  when t h e  d e t e r m i n a n t  of  Lx i s  c l o s e  t o  
... 
z e r o .  
Table 4 .  Netherlands ,  age  t r a n s i t i o n  70  to 7 5 :  mean durat ion 
to t r a n s f e r .  
Migration to 
From Death North East west South 
LINEAR 
North 2.50 0 2.50 2.50 2.50 
East 2.50 2 -50 0 2 -50 2 -50 
West 2.50 2.50 2.50 0 2.50 
South 2.50 2.50 2.50 2.50 0 
EXPONENTIAL 
North 2.42 0 
East 2.42 2.32 
West 2.42 2.33 
South 2.42 2.36 
CUBIC 
North 2.62 0 2.37 
East 2.62 2.31 0 
West 2.61 2.22 2.25 
South 2.60 2.35 2.31 
INTERPOLATIVE-ITERATIVE (LINEAR VARIANT) 
North 2.61 0 2.39 2 -50 2.48 
East 2.61 2.31 0 2.42 2.37 
West 2.60 2.22 2.25 0 2.28 
South 2.59 2.30 2.39 2.45 0 
From the results shown in Table 4 we can see that the cubic 
and interpolative-iterative are necessarily more accurate than 
the alternative linear and exponential approaches. Since mortal- 
ity rate functions are steeply increasing between ages 70 and 
75, we would expect the mean duration of transfer to death to 
exceed 2.5; since mobility rate functions are declining between 
ages 70 to 75, we would expect the mean duration of transfer 
not to exceed 2.5. These expectations are fulfilled in the cubic 
and interpolative-iterative cases but not in the linear or 
exponential. 
3.5 The Negativity Problem and Related Issues 
The observation has been made (Rees 19781 that the linear 
method can produce negative probability estimates, typically 
on the diagonal, if high annual migration rates are observed. 
The reason for this result is that no non-negativity constraints 
are imposed on the probabilities, and that the linear method 
does not effect a "conceptualn conversion of movements to 
transitions. To ensure non-negativity would require that only 
one move per transition occur (unlikely)* and that the conversion 
from a one-year to five-year period be affected by powering 
the one-year probabilities: 
The counter-observation, however, has been made (Rees 
1979b) that migration rates sufficiently high for the results 
of equation (58) and equation (35) to differ significantly are 
rarely observed: they do not, for example, occur in interregional 
migration between regions in Great Britain (Rees 1979a). 
*This could be achieved if the number of moves per transition 
were known: each movement flow could be divided by this 
number. 
To test the likelihood of such negative probability estimates, 
a simple hypothetical two-region system has been designed: 
where v is the mortality level and w the mobility level. The 
mortality levels were allowed to vary from 1 to 100, yielding 
mortality rates of from 1 per thousand to 100 per thousand; and 
the mobility levels were allowed to vary from 1 to 200, generating 
movement rates of from 5 per thousand to 2000 per thousand. 
What equation (58) does is to generate hypothetical M matrices 
-. 
which then input into the linear probability equation (35), the 
modified power version of the linear probability equation, 
equation (58), or the exponential equation (401. 
It turns out that the second region exhibits negative 
retention probabilities (p22) at high mortality and mobility 
levels, so that in Figure 3 the region 2 retention probabilities 
have been plotted on graphs for each of the three estimation 
equations. Only the linear equation produces negative values; 
the power-linear and exponential equations always give positive 
results, very close together, which approach an asymptote 
result as the mobility level increases. Increasing the mortality 
level has only a moderate effect on the outcome. 
However, although negative retention probabilities only 
occur with the linear equation at mortality levels not observed 
in real world regional systems, a worrying discrepancy between 
the results of the linear equation and the other two appears 
at lower mobility levels between 10 and 15 tor between 100/1000 
and 150/1000 total outmigration rate for region 2 ) .  One year 
mobility rates are observed at this level in many countries, 
but not for interregional migration, merely for migration from 
residences in generll. In Rees (-1979b) results of using power- 
linear were very little different from those of the linear 
equation for a three-region, British population system. 

Our g e n e r a l  conc lu s ion  must be t h e r e f o r e  t h a t  t h e  n e g a t i v i t y  
problem i s  n o t  a  s e r i o u s  one b u t  t h a t  it would be a s  w e l l  t o  keep 
i n  mind t h e  problem when new and h i g h l y  mobi le  m u l t i s t a t e  sys tems  
a r e  b e i n g  i n v e s t i g a t e d .  
3.6 Conclus ions  About t h e  Movement Approach 
L e t  u s  review now t h e  c h o i c e s  f a c i n g  someone w i sh ing  t o  
c o n s t r u c t  a  m u l t i r e g i o n a l  l i f e  t a b l e  and hav ing  a v a i l a b l e  on ly  
movement t y p e  d a t a  ( F i g u r e  1 ) .  
F i r s t l y ,  i f  t h e s e  movement d a t a  a r e  c l a s s i f i e d  by p l a c e  
of  b i r t h ,  t h e y  shou ld  be employed t o  c o n s t r u c t  r s e p a r a t e  m u l t i -  
r e g i o n a l  l i f e  t a b l e s ,  one p e r  r e g i o n  of  b i r t h .  Although w e  can  
n o t  p r e s e n t  e m p i r i c a l  ev idence  i n  f avou r  o f  t h i s  c h o i c e  ( a l t hough  
Ledent  1980 g i v e s  t h e  ev idence  i n  t h e  t r a n s i t i o n  c a s e ) ,  it is  
c l e a r l y  j u s t i f i e d  on t h e o r e t i c a l  grounds  s i n c e  it r e l a x e s  a key 
assumpt ion o f  t h e  model. However, normal ly  t h i s  c h o i c e  i s  n o t  
a v a i l a b l e .  
The second set  o f  c h o i c e s  concern  p r o b a b i l i t y  and s t a t i o n a r y  
p o p u l a t i o n  e s t i m a t i o n  e q u a t i o n s .  Again w e  would a rgue  on theo-  
re t ica l  grounds  t h a t  t h e  i n t e r p o l a t i v e - i t e r a t i v e  method i s  t h e  
b e s t ,  a l t h o u g h  r a t h e r  more demanding i n  programming and computer- 
t i m e  terms. Of t h e  n o n - i t e r a t i v e  methods t h e  c u b i c  is  c l o s e s t  
t o  t h e  i n t e r p o l a t i v e - i t e r a t i v e ,  fo l lowed  by t h e  l i n e a r ,  and t h e n  
t h e  e x p o n e n t i a l .  There  a r e  arguments i n  f a v o u r  o f  t h e  e x p o n e n t i a l  
or  a  power m o d i f i c a t i o n  of  t h e  l i n e a r  i f  m o b i l i t y  l e v e l s  a r e  
v e r y  h igh .  
However, t h e  d i f f e r e n c e s  between t h e  v a r i o u s  methods a r e  
p robab ly  n o t  l a r g e  enough t o  be of  e m p i r i c a l  i n t e r e s t ,  and t h e  
e x t e n s i v e  u s e  t o  which t h e  l i n e a r  (Opt ion 3 )  method h a s  been p u t  
( i n  IIASA's Mig ra t i on  and S e t t l e m e n t  Task) would seem j u s t i f i e d .  
4. THE HYBRID APPROACH: USING MORTALITY AND MOBILITY RATES 
WITH TRANSITION DATA 
4.1 General Observations 
It is clear from the preceding section that the movement 
approach to the calculation of a multiregional life table 
constitutes a generalization of the classical method of ordinary 
life table construction: in most instances, matrices are 
simply substituted for scalars. A characteristic of this 
approach is the observation and calculation of mobility rates 
in age-time arrangements identical to the common observation 
and calculation of mortality rates. It thus requires data in 
the form of moves or migrations that are to be established from 
a population register. 
In fact, many countries do not maintain such registers 
and geographical mobility data are then obtained from a popula- 
tion census in the form of migrants or changes of residence 
derived from questions about residence one or five years earlier. 
The proper approach for taking care of this data type is the 
transition approach which attempts to generalize the methods 
of ordinary life table construction based on survivorship rates. 
Historically, however, the case of mobility data from 
census information was dealt with by Rogers (1973a, 1973b, 1975) 
in yet another approach in which the concepts were borrowed from 
the classical or movement approach. Because of these two 
ingredients--methods from the movement approach and inputs 
being transition data--we have characterized this approach as 
the hybrid approach, to contrast it with the transition approach. 
These distinctions were recognized in part in Rogers (1975a) 
in the discussion of probability estimation options and in the 
description of those options (Options 1, 2, and 3) in Willekens 
and Rogers (1978). We hope in this section to make the distinc- 
tions as clear as we can. 
4.2 Probability Estimation and Associated Equations 
Formally, the transition approach is characterized by a 
set of flow and orientation equations pertaining to the evolu- 
i,i tion between ages x and x+n of the closed group of people 
present at age x in region it regardless of their place of 
birth. Note that 
and observe the difference with the movement approach. 
The basic flow equation may be defined as (Rogers 1973a, 
1975a) 
iei - iei - i i k  iei6(.) 1 xex - x x+n x x k=l x x 
kfi 
where ie:k terms are the number of persons in the life table 
population who, present at age x in region it survive to age 
x+n in region k and is(.) is the number of persons in the 
same closed group who die before reaching age x+n. 
The definition of the orientation equations here is not as 
straightforward as in the movement case. Rogers himself (Rogers 
1973a, 1975a) does not present any clear specification of such 
equations but his approach of the problem (Rogers 1975a:82-84) 
can be viewed as consisting of the following: 
(note that k # i) 
and 
where t h e  m o b i l i t y  and m o r t a l i t y  r a t e s  t h u s  d e f i n e d  a r e - - i n  s p i t e  
o f  t h e  i d e n t i c a l  n o t a t i o n  u s e d - - d i f f e r e n t  from t h o s e  d e f i n e d  
ii i 
e a r l i e r  i n  t h e  movement approach:  L a r e  t h e  l i f e  y e a r s  l i v e d  
i n  r e g i o n  i by members of  t h e  r e g i o n  i ,  age  x  c o h o r t  o v e r  t h e  
x  t o  x+n age  i n t e r v a l .  The i n t e r p r e t a t i o n  o f  such  a  se t  o f  
The i n t e r p r e t a t i o n  o f  such  a  set  o f  e q u a t i o n s  i s  r a t h e r  
s i m p l e  from t h e  p o i n t  of  view o f  c l a s s i c a l  ma themat ica l  demo- 
graphy:  any move by a  member o f  t h e  c l o s e d  g roup  :lik o u t  o f  
r e g i o n  i i s  regarded  a s  a  d e a t h ,  a t  l e a s t  a s  l o n g  a s  t h e  f o c u s  
i s  on t h e  age/ t ime i n t e r v a l  x  t o  x+n. [The p r o v i s i o n  f o r  r e t u r n  
m i g r a t i o n  w i t h i n  such  a n  i n t e r v a l  which Rogers  (1975a) evoked 
i n  t h e o r e t i c a l  terms b u t  d i s r e g a r d s  a t  t h e  a p p l i e d  l e v e l  i s ,  
however,  i n c o n s i s t e n t  w i t h  s u c h  a  v iew.]  I n  o t h e r  words ,  t h e  
s p e c i f i c a t i o n  o f  t h e  above o r i e n t a t i o n  e q u a t i o n s  i m p l i c i t l y  
r u l e s  o u t  t h e  p o s s i b i l i t y  o f  m u l t i p l e  moves p e r  age  i n t e r v a l .  
T h e r e f o r e ,  a n  i n d i v i d u a l  who h a s  j u s t  moved o u t  from a  c e r t a i n  
r e g i o n  i s  n o t  exposed t o  t h e  r i s k  o f  d y i n g  u n t i l  he o r  s h e  
r e a c h e s  t h e  n e x t  e x a c t  age  i n  t h e  series O,n,2n,  ... ! W e  w i l l  
s e e  l a t e r  on a n  i m p o r t a n t  consequence o f  s u c h  a n  assumpt ion .  
Then, s u b s t i t u t i n g  t h e  o r i e n t a t i o n  e q u a t i o n s  i n t o  t h e  f low 
e q u a t i o n s  l e a d s  t o  
ili - iei - i i k  iiLi - i i 6  ( i )  iiLi 
m 
x x+n x  x  k=, E xmx x x  x x  x  x  
which t o g e t h e r  w i t h  ( 6 2 )  c o n s t i t u t e s  t h e  fundamenta l  sys tem o f  
e q u a t i o n s  l e a d i n g  t o  t h e  d e r i v a t i o n  of  fo rmulae  f o r  e s t i m a t i n g  
t h e  s u r v i v a l  p r o b a b i l i t i e s .  U n f o r t u n a t e l y ,  t h i s  s y s t e m  c a n n o t  
be  s imply  summarized i n t o  a  m a t r i x  e q u a t i o n  s i m i l a r  t o  e q u a t i o n  
(24)  of  t h e  movement approach .  
I n  p r a c t i c e ,  t h e  d e r i v a t i o n  of  such  fo rmulae  r e q u i r e s  t h e  
a d o p t i o n  of  a  method f o r  c a l c u l a t i n g  t h e  number of  p e r s o n - y e a r s  
l i v e d  a s  w e l l  a s  a  l i n k a g e  o f  t h e  l i f e  t a b l e  w i t h  t h e  obse rved  
r a t e s .  With r e g a r d  t o  t h e  l a t t e r ,  it i s  cus tomary t o  assume-- 
because  of  t h e  f o r m a t  i n  which m o r t a l i t y  and c e n s u s  m i g r a t i o n  
data are generally collected and tabulated--that the mortality 
and mobility rates are independent of the place of residence at 
age x 
and 
How does one observe such rates in practice? In the case of 
mortality, the observed rate can be simply assimilated with the 
conventional mortality rate Mi ' (i) pertaining to region i. The 
case of the mobility rate is more complicated and will be dealt 
with later on. 
4 . 2 . 1  The L i n e a r  A p p r o a c h  ( " O p t i o n  1 " )  
Rogers (1973a, 1975a) simply assumes that the number of 
person-years lived by the members of the group can be obtained 
linearly from the l-statistics as 
for all k's 
i ii = ill ieik - including k = i. (Note that xlx x x+n and x x - 0 if k # i.) 
Then, it can be established (Rogers 1975a:82-84) that 
- 
A A PC' - for all j # i (68) 
n 1 + -  ik n 5 (i) l M x  + - M  
2T k#i 2T x 
n 6 (i) 
i6 - - M 
- 
T x 
Px r 
n 
k#i x 2T x 
and 
r n 1 - -  n  6 ( i)  1 Mik - 7 M 
ii - 2 T k f i x  2T x 
px 
- 
n  1 + -  I: i k  n  6 ( i )  l M x  + - M  
2T k f i  2T x  
These e q u a t i o n s  have a l r e a d y  appeared  a s  e q u a t i o n s  ( 3 )  , ( 4 )  , 
and ( 5 )  b u t  a r e  r e p e a t e d  h e r e  f o r  convenience .  
4 . 2 . 2  The E x p o n e n t i a l  Method 
A s  a n  a l t e r n a t i v e  t o  t h e  l i n e a r  approach ,  it i s  p o s s i b l e  
t o  assume t h a t  t h e  m o r t a l i t y  and m o b i l i t y  p r o p e n s i t i e s  a r e  con- 
s t a n t  over  t h e  whole i n t e r v a l  x  t o  x+n. Then w e  have 
and 
r 
Mi j - n (  i M ~ ~ + N : ( ~ ) )  
- e 
k f i  x 
- 
/ 
and 
r 
- n (  M i k + M : ( i ) )  
i 5  - 
,il - .  k f  i 6 (1) ?" - (*fiM? + Mx 
ii i I n  such c i rcumstances ,  t h e  number L of person-years  l i v e d  i n  
i i i i  
r e g i o n  i i s  ob ta ined  by s u b s t i t u t i n g  p  x 
x x  e [where pii i s  given  
by ( 7 2 ) )  i n t o  ( c )  
- n (  1 M;+M; 6 (i) ) 
i i i  1 - e  k f i  i,i L = 
x x i k  6 (1) ) x x ( 2 My + M; 
k f i  ' 
and f i n a l l y  w e  have 
4.2.3 The Linear a n d  Exponential Methods from t h e  Movevsnt 
Approach 
A s  seen  e a r l i e r ,  a  fundamental  problem w i t h  t h e  hyb r id  
approach a s  exposed above i s  t h e  r u l i n g  o u t  of t h e  p o s s i b i l i t y  
of  m u l t i p l e  moves which l e a d s  t o  an a r t i f i c i a l  r educ ing  of  t h e  
exposure  t o  t h e  r i s k  of dying.  
Ledent (1 978 : 67) i n d i c a t e s  t h a t  t h e  m u l t i p l e  move assump- 
t i o n  can be  somewhat a t t e n u a t e d  t o  a l l ow  f o r  t h e  p o s s i b i l i t y  of 
d e a t h  a f t e r  a  m i g r a t i o n  (two mig ra t i ons  w i t h i n  t h e  same i n t e r v a l  
a r e  s t i l l  n o t  a l l o w e d ) .  Th is  does  n o t  l e a d  t o  a much g r e a t e r  
complexi ty  f o r  t h e  d e r i v a t i o n  of t h e  s u r v i v a l  p r o b a b i l i t i e s  
f o r  which e x p l i c i t  formulae  have been d e r i v e d  by Ledent (1978: 
71-73) i n  t h e  ca se  of  a  l i n e a r  c a l c u l a t i o n  o f  t h e  L - s t a t i s t i c s .  
An a l t e r n a t i v e  p o s s i b i l i t y  o f  ach i ev ing  t h e  same r e s u l t  
has  been proposed by Wil lekens  and Rogers ( 1978) ; it s imply 
c o n s i s t s  of  s u b s t i t u t i n g  t h e  movement-based l i n e a r  formulae  
( "Option 3")  f o r  t h e  above l i n e a r  formulae ("Option 1 " )  . I n  
t h e  same v e i n ,  it i s  a l s o  r ea sonab le  t o  s u b s t i t u t e  t h e  movement- 
based e x p o n e n t i a l  formulae  f o r  t h e  above e x p o n e n t i a l  formulae.  
4 . 2 . 4  About t h e  L a s t  Age Group 
The t r ea tmen t  of t h e  l a s t  age group i s  t h e  same f o r  a l l  
methods. The equa t ion  
i s  used ( t h e  migra t ion  r a t e s  a r e  assumed t o  be z e r o ) .  
4.3 Rate Es t imat ion  Equations 
4 . 3 . 1  The Approach  So Far:  E q u i v a l e n c e  o f  Data and Model Age 
L a b e l s  
A t  t h i s  p o i n t  it i s  u s e f u l  t o  r e t r a c e  ou r  s t e p s  i n  Figure  
1 and go back t o  t h e  column l abe led  "Rates - D e f i n i t i o n n .  W e  
concen t ra t e  o u r  d i s c u s s i o n  on migrat ion r a t e s ,  s i n c e  t h e  mor ta l i t y  
r a t e s  a r e  a s  conven t iona l ly  computed. 
I n  d e f i n i n g  r a t e s  i n  t h e  movement approach (and m o r t a l i t y  
r a t e s  i n  a l l  approaches)  t h e  match between t h e  d e f i n i t i o n  of 
t h e  events  by t h e  d a t a  c o l l e c t i n g  agency and i n  t h e  model a r e  
u s u a l l y  i d e n t i c a l .  This  i s  t h e  s i t u a t i o n  shown i n  Figure  4a 
f o r  a  f ive-year  aye i n t e r v a l  and one-year t ime i n t e r v a l ,  al though 
t h e  same p r i n c i p l e  a p p l i e s  no mat ter  what t h e  i n t e r v a l s .  The 
d o t s  i n  t h e  d a t a  Lexis  diagram r e f e r  t o  movements a t  t h e  po in t  
i n  age-time space t h a t  t hey  occur.  
I n  t h e  c a s e  o f  t h e  hybrid approach i n  which t r a n s i t i o n  
d a t a  a r e  used,  d i f f i c u l t i e s  occur.  W e  cannot  i n  t h i s  case  
assume an equiva lence  of  t h e  age-time space i n  which t h e  d a t a  
a r e  ga thered ,  and t h a t  used i n  t h e  model, a s  i s  c l e a r  from 
Figure 4b f o r  a  one-year t i m e  i n t e r v a l  and from Figure  4c f o r  
a  f ive-year  t i m e  i n t e r v a l .  The t r a n s i t i o n  d a t a  a r e  recorded 
i n  an end of i n t e r v a l  census ( a t  t i m e  t + l  i n  F igure  4b o r  t i m e  
t + 5  i n  Figure  4c) and a r e  c l a s s i f i e d  by age a t  t h e  end of t h e  
t i m e  i n t e r v a l .  Thei r  age a t  t h e  s t a r t  of t h e  i n t e r v a l  can be 
worked o u t  us ing  t h e  Lexis  diagram and w i l l  be x-1 t o  x+n-1 i n  
t h e  one-year case  when n  = 5 and x-n t o  x  i n  t h e  f ive-year  case  
when n  = 5 .  
A. Movement approach: 1 year 
( n = 5 . T S  lJ 
8. Hybrid approach: 1 year 
( n = 5 , T = l )  
x - n  
Data Model Data Model 
C. Hybrid approach: 5 year 
(n = 5, T = 5) 
Data 
movement as 
events in ageltime space 
. . , transitions as 
• • • events in ageftime space 
Model 
Figure 4. The data and model matching problem in the hybrid 
approach. 
I t  i s  t h e r e f o r e  i n c o r r e c t  t o  d e f i n e  m o b i l i t y  r a t e s  a s  
KI' i j  - x. 
e q u i v a l e n t  when T = n t o  Mx - -
Ki 
X 
where K~~ r e f e r s  t o  migran ts  c l a s s i f i e d  by age a t  t h e i r  r eg ion  
. X 
j l o c a t i o n  a t  t h e  end of  t h e  measurement p e r i o d ,  a t  t h e  t i m e  
of t h e  census .  
Both a l t e r n a t i v e s  w i l l  be e q u a l l y  i n c o r r e c t  when n  = T bu t  
t h e  d e f i n i t i o n  i n  equa t ion  (78) w i l l  be b e t t e r  i f  T < n.  I f  
n  = 5 and T = 1 ,  e q u a t i o n  (78) w i l l  g i v e  'a r ea sonab le  approxima- 
t i o n  on t h e  assumption t h a t  even t s  i n  t h e  bottom t r i a n g l e  i n  
F igure  4b a r e  t h e  same as even t s  i n  t h e  t o p  t r i a n g l e .  Unfor- 
t u n a t e l y ,  n e i t h e r  i n  Rogers (1975a) nor  i n  Wil lekens  and Rogers 
(1978) i s  t h e  method of  r a t e  computation made e x p l i c i t ,  b u t  
looking a t  t h e  e m p i r i c a l  work on t h e  United S t a t e s  popula t ion  
(Rogers 1975a ) ,  normally equa t ion  (78)  i s  employed wi th  one- 
year  pe r iod  d a t a  and equa t ion  (79) w i th  f i ve -yea r  d a t a .  For 
t h e  f i r s t  age group,  - t  i s  assumed, i n  t h e  one-year per iod  c a s e ,  
. . 
where K': a r e  t h e  migran ts  from reg ion  i t o  r eg ion  j aged one 
t o  f o u r  ' a t  t h e  end of  t h e  p e r i o d ,  and K: i s  t h e  mid-period 
popula t ion  aged one t o  f o u r .  I n  t h e  f i v e - y e a r  p e r i o d  c a s e ,  t h e  
equa t ion  adopted i s  
i j 
where K e 5  a r e  t h e  i , j  m i g r a n t s  aged f i v e  t o  n i n e  a t  t h e  end o f  
t h e  p e r i o d .  For  t h e  l a s t  a g e  group i n  t h e  one- and f i v e - y e a r  
c a s e s ,  it i s  assumed 
where z r e f e r s  t o  t h e  l a s t  age  group z y e a r s  and beyond. 
The problem w i t h  t h e  f i r s t  a g e  g roup  e q u a t i o n s  i s  t h a t  t h e y  
n e g l e c t  t o  t a k e  i n t o  a c c o u n t  i n f a n t  migrants--Ki;--and t h e  prob- 
l e m  w i t h  t h e  l a s t  a g e  g roup  e q u a t i o n s  i s  t h a t  a g a i n  t h e r e  is  a  
mismatch between t h e  m i g r a n t s '  a g e  and t h o s e  of  t h e  denominator .  
4 . 3 . 2  An A v e r a g i n g  P r o c e d u r e  
The c o r r e c t  p r o c e d u r e ,  f o l l o w i n g  Rees ( 1 9 7 9 a ) ,  is  t o  e s t i m a t e  
t h e  n e c e s s a r y  model i n p u t s  from a d j a c e n t  a g e  g roup  d a t a ,  t h u s * :  
w i t h  t h e  n  = 5 ,  T = 1 e q u a t i o n  b e i n g  
*This  assumes T I n .  When T > n ,  t h e n  more a g e  g roups  become 
r e l e v a n t .  
and t h e  n  = 5 ,  T = 5  e q u a t i o n  be ing  
M o d i f i c a t i o n s  o f  t h e s e  e q u a t i o n s  a r e  needed f o r  t h e  f i r s t  age  
group and t h e  l a s t .  The g e n e r a l  e s t i m a t i o n  e q u a t i o n  f o r  t h e  
0 t o  n  t r a n s i t i o n  where  T 6 n  is :  
where K B ( i ) j  i s  t h e  number o f  pe r sons  born  i n  r e g i o n  i who 
.o  
m i g r a t e  t o  r e g i o n  j  and a r e  aged 0 t o  T a t  t h e  end o f  t h e  p e r i o d ;  
K i j  a r e  t h e  r e g i o n  i t o  r e g i o n  j m i g r a n t s  who a r e  aged T t o  n  a t  
. T 
t h e  end o f  t h e  p e r i o d .  When t h e  age  group i n t e r v a l  e q u a l s  t h e  
t i m e  p e r i o d  l e n g t h ,  e q u a t i o n  (87)  r educes  t o  
With t h e  l a s t  b u t  one and l a s t  age  g roups ,  t h e r e  i s  t h e  
d i f f i c u l t y  t h a t  t h e  Lexis  d iagram "geomet r i c"  we igh t s  a r e  poor  
e s t i m a t o r s  o f  t h e  d i s t r i b u t i o n  of m ig ran t s .  A s imp le ,  a l t hough  
i n a d e q u a t e ,  s u g g e s t i o n  would be t o  u s e  p o p u l a t i o n  we igh t s  
z-n ( 8 9  
j  
M i  z-n = [( , )Kt!] / K: 
Kz+Kz+n 
where z-n i s  t h e  age which s t a r t s  t h e  l a s t  b u t  one age group 
i n  t h e  migran t  d a t a ,  and z is  t h e  age which s t a r t s  t h e  l a s t  
age group: K! is  t h e  popu la t ion  of r eg ion  j aged w t o  w+n; and 
K:+, i s  t h e  popu la t ion  aged z+n and over .  This  method r e q u i r e s  
knowledge of popu la t ion  s t o c k s  t o  an age one i n t e r v a l  g r e a t e r  
t h a n  t h e  migran t  d a t a ,  which i s  u s u a l l y  t h e  ca se .  
These r a t e  e s t i m a t i o n  methods would, of  cou r se ,  be  much 
improved through t h e  adopt ion  o f  an i n t e r p o l a t i v e - i t e r a t i v e  
method o f  t h e  type  o u t l i n e d  i n  s e c t i o n  3 .  
4 . 4  Per iod  of  Data Measurement 
A f i n a l  e lement  o f  c h o i c e  i n  t h e  hybr id  approach concerns  
t h e  p e r i o d  ove r  which t h e  m i g r a t i o n  d a t a  have been measured. 
The o b s e r v a t i o n  has  been made by s e v e r a l  r e s e a r c h e r s  (Rees 
1977a; Long and B o e r t l e i n  1975) t h a t  
o r  more g e n e r a l l y  t h a t  
where t h e  term i n  b r a c k e t s  i n d i c a t e s  t h e  t i m e  p e r i o d  ove r  which 
t h e  t r a n s i t i o n s  were measured. 
Three p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  o b s e r v a t i o n  have been 
proposed,  and t h e s e  a r e  b r i e f l y  cons ide red  here :  
(i) It  i s  a r e s u l t  of  changes i n  t h e  mig ra t ion  propens i -  
t i es  over  t h e  d i f f e r e n t  t ime pe r iods  of measurement 
--from t -5  t o  t compared wi th  from t - 1  t o  t, f o r  
example. 
(ii) I f  t h e  mig ra t ion  r a t e s  a r e  t x a n s i t i o n  r a t e s  t hen  a 
m u l t i p l i c a t i v e ,  Markov p r o c e s s  should l i n k  t h e  two 
obse rva t ions .  That  i s ,  
i s  a b e t t e r  d e s c r i p t i o n  of t h e  p r o c e s s ,  where H is  
- 
a ma t r ix  of t r a n s i t i o n  r a t e s  de f ined  a s  
n e g l e c t i n g  f o r  t h e  moment t h e  t r e a t m e n t  of age which 
i s  more complicated.  The m u l t i p l i c a t i v e  p roces s  
should c r e a t e  sequences of s h o r t e r  p e r i o d  t r a n s i t i o n s  
which w i l l  be  conso l ida t ed  i n t o  one longe r  pe r iod  
t r a n s i t i o n  wi th  t h e  s h o r t  pe r iod  t r a n s i t i o n s  t h a t  
"d i sappea r "  i n  t h e  c o n s o l i d a t i o n  numbering 
(iii) O r  it cou ld  be  t h a t ,  a l though  t h e  f i r s t  and second 
e x p l a n a t i o n s  ho ld ,  they  a r e  i n s u f f i c i e n t  t o  account  
f o r  t h e  d i f f e r e n c e s  observed.  I n s t e a d ,  i f  t h e r e  
was t o  be a  s u b s t a n t i a l l y  h ighe r  p r o b a b i l i t y  of  a  
person r e t u r n i n g  t o  h i s  p rev ious  r e g i o n  o f  r e s idence  
o r  r eg ion  of  b i r t h  than  of a  person making a new 
mig ra t ion  t h e r e ,  t h i s  might account  f o r  t h e  d i sc rep -  
ancy. 
R e s u l t s  r e p o r t e d  by Rees (1977) f o r  t h e  one y e a r  pe r iods  
1965-66 and 1970-71 which e x h i b i t e d  very l i t t l e  d i f f e r e n c e  i n  
t h e i r  mig ra t ion  l e v e l s  and p a t t e r n s ,  and f o r  t h e  f ive-year  
per iod  1966-71 sugges t  t h a t  t h e  f i r s t  e x p l a n a t i o n  has  been a  
minor one. The second e x p l a n a t i o n  appears  t o  count  f o r  some 
o f  t h e  f i ve -yea r  - one-year d i f f e r e n c e s ,  p a r t i c u l a r l y  i f  migra- 
t i o n  p r o p e n s i t i e s  a r e  h igh  ( c f .  F igure  4 r e s u l t s ) ,  b u t  a  good 
d e a l  i s  l e f t  over  t o  be expla ined .  Ledent ( 1 9 8 0 ~ )  has  shown 
f o r  the United S t a t e s  between 1965 and 1970 t h a t  r e t u r n  migra- 
t i o n  was a  very impor tan t  phenomenon, which might w e l l  account 
f o r  t h e  one-year - f i ve -yea r  phenomenon. 
Our c o n c l u s i o n  from t h i s  d i s c u s s i o n  is  t h a t  i f  e q u a t i o n  
(91 ) is t r u e  and e q u a t i o n  (93)  f a i l s  t o  h o l d ,  t h e n  t h e  c h o i c e  
of  p e r i o d  l e n g t h  t o  which t h e  m i g r a t i o n  d a t a  a p p l y  c o u l d  have 
a s e r i o u s  i n f l u e n c e  o n  t h e  e s t i m a t i o n  of  m u l t i r e g i o n a l  l i f e  
t a b l e .  
S p e c u l a t i o n s  by Ledent  (1 978 : 133-1 37) were conf i rmed  by 
a n a l y s i s  by R e e s  (1979b) which s u g g e s t e d  f o r  Great B r i t a i n  
t h a t  a s u b s t a n t i a l  d i f f e r e n c e  e x i s t s  between t h e  one-year  based  
and f i v e - y e a r  based  l i f e  t a b l e s .  T h i s  a n a l y s i s  i s  r e p e a t e d  i n  
t h e  p r e s e n t  w i d e r  c o n t e x t .  
4 . 5  The Data S e t s  Used and t h e  Exper iments  Performed 
The one-year  d a t a  used  c o n s i s t s  of  the o r i g i n a l  d a t a  
assembled by R e e s  (1979a) o n  p o p u l a t i o n ,  b i r t h s ,  d e a t h s ,  and 
m i g r a n t s  f o r  the t e n - r e g i o n  G r e a t  B r i t a i n  c o u n t r y  s t u d y  i n  t h e  
IIASA M i g r a t i o n  and S e t t l e m e n t  Task. The d a t a  have  been 
a g g r e g a t e  from t e n  t o  t h r e e  r e g i o n s  ( E a s t  A n g l i a ,  S o u t h  E a s t ,  
R e s t  o f  B r i t a i n ) ,  and t h e  m i g r a n t  d a t a  m a n i p u l a t i o n s ,  equiva-  
l e n t  t o  t h e  denomina to r  on t h e  r igh t -hand  s i d e  o f  e q u a t i o n  (851,  
have bee  l e f t  undone. 
The f i v e - y e a r  d a t a  are f o r  t h e  t h r e e - r e g i o n  s y s t e m  E a s t  
A n g l i a ,  South  E a s t ,  and R e s t  o f  B r i t a i n  and d e r i v e  f rom t h e  
p o p u l a t i o n  a c c o u n t s  p r e s e n t e d  i n  R e e s  (1980a) which d e r i v e  
from a n  earl ier  s t u d y  ( R e e s  1977b).  
A t h i r d  d a t a  se t  i s  a l s o  employed t h a t  combines t h e  one- 
y e a r  d e a t h s  d a t a  f o r  1970 w i t h  t h e  f i v e - y e a r  m i g r a t i o n  d a t a  
f o r  1966-71 f o r  t h e  t h r e e - r e g i o n  sys tem.  Comparisons c a n  t h e n  
be  made between t h e  f i r s t  and t h i r d  sets, h o l d i n g  t h e  m o r t a l i t y  
i n f o r m a t i o n  c o n s t a n t .  
The d a t a  have  been used  w i t h  assumpt ion  t h a t  Great B r i t a i n  
c o n s t i t u t e s  a  c l o s e d  p o p u l a t i o n  sys tem.  Al though t h i s  assump- 
t i o n  i s  i n c o r r e c t ,  i t  h a s  t o  s e r v e  f o r  p r e s e n t  p u r p o s e s  e i t h e r  
u n t i l  work on d e v e l o p i n g  a l i f e  t a b l e  i n c l u d i n g  t h e  rest o f  t h e  
wor ld  i s  c a r r i e d  o u t  ( t h e  second a u t h o r ' s  i n t e n t i o n )  o r  u n t i l  a  
method of c o n s t r u c t i n g  l i f e  t a b l e s  f o r  a n  open s y s t e m  i s  
developed. As a result the retention probabilities will tend 
to be inflated by the level of the emigration probabilities, 
as Rees (1980a) has pointed out. 
Table 5 sets out the experiments carried out in order to 
analyze the effect that different method and data set choices 
have on the Great Britain multiregional life table. Obviously, 
only a selection of the results can be presented here: reference 
back to Table 5 will help clarify the nature of each analysis 
as it is presented. 
We begin first by considering the effect of choice of 
probability and associated estimation equations. 
4.6 The Effect of Choice of Probability and Associated Estimation 
Equations 
Before beginning the presentation of the effect of choosing 
different probability estimation equations, we set out in Table 
5 the region 1 (East Anglia) probabilities and in Table 6 the 
Great Britain life expectancy values and their distribution for 
the three-region system that are equivalent to those published 
in the UK Migration and Settlement country study (Rees 1979a, 
1979b, Table 11, p. 48). One year data is employed, rates are 
computed by averaging successive census age groups for transi- 
tion data, and the "Option 3" probability estimation method 
(movement-based/linear method) is utilized. Tables 6 and 7 
represent therefore the best published estimates to date of 
the Great Britain multiregional life table. 
We can now ask the questions: What would have been the 
effect of using different methods on these estimates? Table 
8 collects together the probability vectors that refer to death 
or to outmigration from the East Anglia population for the four 
probability estimation methods. Table 6 values, our best 
estimates to date, appear in the third column under "Run 7". 
When the exponential version of the movement-based method is 
employed, the death probabilities are lowered somewhat (compare 
run 7 with run 8, and run 3 with run 4) and the migration 
probabilities are lowered a little. These were the differences 
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Table 6. Great Britain, hybrid approach: transition probabilities 
art of East Anglia, averaged rates, movement-based/ 
linear method with one year (1970) data (run 7). 
Probabilities of surviving in: 
Death 
probability East Anglia South East *st of Britain 
18 11 12 13 
Age, x Px Px Px Px 
Tab le 7. Great Britain, hybrid approach: life expectancies 
and their regional distribution, averaged rates, 
movement-based/linear method with one year (1970) 
data (run 7). 
Percent spent in: 
Life 
Region expectancy East South Rest of 
of birth (years) Anglia East Britain 
East Anglia 72.43 41.02 25.78 33.19 
South East 72.45 4.11 64.55 31.35 
Rest of Britain 71.49 2.31 16.31 81.38 
- 
Table 8. Great Britain, hybrid approach: transition probabil- 
ities out of East Anglia based on one year deaths and 
migrants data, 1970. 
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c o m p u t e d  by t h e  averaqing 
m e t h o d .  
observed in the movement approach. Compared with the linear 
approach, however, the life expectancies are lower in all regions 
(Table 9). This is intuitively unreasonable since lower mortality 
rates in all regions should not lead to lower life expectancy 
in all regions. The retention probabilities have been raised, 
however, and this raises the populations at risk of dying and 
thus, the number dying in earlier ages, leading to the lower 
life expectancies. 
Another element in our comparison of exponential and linear 
methods is the non-negativity problem. This has already been 
discussed for the movement-based probability estimation methods 
(see section 3.5). The same toy model (equation 59) can be 
applied in the case of the transition-based probability estima- 
tion formulae (equations 68 and 70 for the linear case and 
equations 72 and 73 for the exponential case). Figure 5 presents 
the results for the region 2 retention probabilities where nega- 
tive probabilities occur. The migration level is taken only 
up to 100 because at this level, the transition rate out of 
region 2 is 1 ,  the maximum that can occur (and highly unlikely 
since some of the population will die). The problem is worse 
than in the movement-based case since in the formulae transi- 
tions are still being treated in part as if they were movements 
by being multiplied by n. Significant differences between linear 
and exponential formulae begin at lower mobility levels (between 
5 and 10 rather than 10 and 15). The exponential formulae still 
ensure non-negativity. 
The differences between linear and exponential formulae 
are very small for the transition based equations--only .03, 
.03, and .04 of a year for East Anglia, the South East, and the 
Rest cf Britain, respectively (or about 12 days). These negli- 
gible differences are comparable to those observed in the move- 
ment approach analysis of the Dutch population system. However, 
the differences between movement-based linear and exponential 
formulae for the British population system are larger--.09, .07, 
and . 2 0  of  a  y e a r  f o r  t h e  t h r e e  r e g i o n s  ( o r  abou t  4 4  days o r  
one and a  h a l f  months).  This  d i f f e r e n c e  between t h e  B r i t i s h  
and Dutch obse rva t ions  i s  probably  due t o  t h e  h ighe r  l e v e l s  o f  
migra t ion  i n  t h e  U . K .  compared wi th  Holland.  
Table  9 .  Grea t  B r i t a i n ,  hybr id  approach: r e g i o n a l  l i f e  expec- 
t a n c i e s  a t  b i r t h  ( i n  y e a r s )  and t h e i r  d i s t r i b u t i o n  by 
r e g i o n  of  r e s idence  ( i n  pe rcen tages )  based on one 
yea r  d e a t h s  and migran t  d a t a ,  1 9 7 0 .  P r o b a b i l i t y  
e s t i m a t i o n  comparison. 
Method of p r o b a b i l i t y  a n d  L - f u n c t i o n  e s t i m a t i o n  
T r a n s i t i o n - b a s e d  Movement-based 
L i n e a r  E x p o n e n t i a l  L i n e a r  E x p o n e n t i a l  
Region Run 3 Run 4 Run 7 Run 8 
LIFE EXPECTANCIES BY F.EGION AT BIRTH 
E a s t  A n g l i a  72.74 72.71 72.43 
Sou th  East 72.66 72.63 72 .45  
R e s t  o f  B r i t a i n  71 .83  71.79 71.69 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  EAST ANGLIA 
E a s t  A n g l i a  40.82 40.84 41.02 
S o u t h  E a s t  26.27 26.27 25.78 
R e s t  o f  B r i t a i n  32.91 32.89 33.19 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  SOUTH EAST 
E a s t  A n g l i a  4 .36  4 .36  4 . 1 1  
S o u t h  E a s t  63 .99  63.99 64 .55  
R e s t  o f  B r i t a i n  31.65 31.64 31.35 
PERCENT OF LIFE SPENT BY PERSONS BOPS I N  REST OF BRITAIN 
E a s t  A n g l i a  2.42 2.42 2 .31  
S o u t h  E a s t  16.87 16.87 16 .31  
R e s t  o f  B r i t a i n  8 0 . 7 1  80 .70  81 .38  
Note:  A l l  r u n s  p r e s e n t e d  i n  t h i s  table are b a s e d  o n  t h e  a v e r a g i n g  rates 
method . 

The second comparison t h a t  shou ld  b e  made i s  between t h e  
t r a n s i t i o n - b a s e d  and movement-based f,ormulae. Here t h e  d i f f e r e n c e s  
a r e  l a r g e r .  Using t h e  t r a n s i t i o n  fo rmulae  p e r s o n s  appea r  t o  
l i v e  abou t  . 2 7  y e a r s  o r  100 days  l o n g e r  t h a n  when movement 
approach formulae  a r e  used ( s e e  Tab le  9 1 ,  and s l i g h t l y  lower  
p r o p o r t i o n s  o f  t h i s  t i m e  a r e  s p e n t  i n  t h e  r e g i o n  o f  b i r t h  
[ a l t h o u gh  t h e r e  a r e  e x c e p t i o n s  ( R e s t  o f  B r i t a i n ) ,  e x p o n e n t i a l  
method, comparing run  4 w i t h  run 81. Our e a r l i e r  (and Appendix 
A.3) a n a l y s i s  o f  t h e  t r a n s i t i o n - b a s e d  fo rmulae  s u g g e s t  t h a t  
b o t h  m o r t a l i t y  and m i g r a t i o n  p r o b a b i l i t i e s  a r e  unde re s t ima t ed ;  
t h i s  means t h a t  t h e  l i f e  e x p e c t a n c i e s  shou ld  b e  lower I n  r e a l i t y ,  
and n e a r e r  t h e  movement-based numbers, b u t  t h a t  t h e  pe r cen t age  
o f  l i v e s  s p e n t  o u t s i d e  t h e  r e g i o n  o f  b i r t h  s h o u l d  be  h i g h e r .  
A r e  o u r  p r o b a b i l i t y  e s t i m a t i o n  method compar isons  
conf i rmed  f o r  the o t h e r  d a t a  sets, w i t h  t h e i r  d i f f e r e n t  m ig ran t  
d a t a  and d e a t h s  d a t a  ( i n  t h e  c a s e  of  d a t a  se t  two )?  Tab le  10 
e x t r a c t s  some s e l e c t e d  p r o b a b i l i t i e s  from t h e  d a t a  se t  two and 
t h r e e  r u n s  co r r e spond ing  t o  t h o s e  d i s c u s s e d  i n  Tab l e  8.  The 
same comparisons can b e  made. 
4.7 The E f f e c t  o f  Choice  o f  K i g r a t i o n  Rate  E s t i m a t o r s  
Two methods of  computing m i g r a t i o n  r a t e s  w e r e  o u t l i n e d  
e a r l i e r  i n  t h e  pape r .  Although o u r  recommendation would always 
be  t o  a dop t  t h e  averaged r a t e s  method ( s e c t i o n  4.3.2)  where 
i n t e r p o l a t i v e - i t e r a t i v e  methods were n o t  used ,  it  i s  i n s t r u c t i v e  
t o  compare t h e  r e s u l t s  of  t h e  two a l t e r n a t i v e s  i n  o r d e r  t o  
gauge how much e r r o r  h a s  r e s u l t e d  f r o n  t h e  p a s t  u s e  o f  t h e  
e q u i v a l e n t  r a t e  method. 
The annua l  o r  annua l  e q u i v a l e n t  m i g r a t i o n  r a t e s  from t h e  
~ o i t h  E a s t  t o  t h e  R e s t  o f  G r e a t  B r i t a i n  a r e  p l o t t e d  a g a i n s t  a g e  
i n  F i g u r e  6 .  For  one-year  d a t a  and annua l  r a t e s  t h e  two r a t e  
s c h e d u l e s  a r e  ve ry  c l o s e  e x c e p t  f o r  age s  0  t o  4 ( p l o t t e d  a t  
a g e  0 on t h e  g r aph )  where t h e  r a t e s  assuming e q u i v a l e n c e  a r e  
below t h o s e  u s i n g  t h e  ave r ag ing  method. The r ea son  i s  t h a t  
i n f a n t  m ig ran t s  a r e  i gno red  i n  t h e  e q u i v a l e n t  method. The d i f -  
f e r e n c e s  i n  r a t e s  e s t i m a t i o n  methods d e c r e a s e  t h e  y e a r s  s p e n t  
o u t s i d e  t h e  r eg ion  o f  b i r t h  by an average o f  0.73 p e r c e n t  over  
t h e  t h r e e  r eg ions  (Table  1 1 ) .  
Table  10. Grea t  B r i t a i n ,  hybr id  approach: t r a n s i t i o n  proba- 
b i l i t i e s  o u t  o f  E a s t  Angl ia  f o r  a g e s  20 t o  2 5  based 
on t h e  f ive-year  d e a t h s  and mig ran t s  d a t a ,  1966-71, 
and t h e  combined one-year d e a t h s  and f ive -yea r  
migran ts  d a t a .  
Ages 20 to 25 Method of probability es t imtion 
Transition-based Movement-based 
Linear Exponential Linear Exponential 
Data s e t  two -Run 11 RUG 12 R u n  15 Run  16 
Data s e t  three -Run 19 Run  20 Run  23 R u n  24 
16 
PROBABILITY OF DYING I N  EAST ANGLIA (p20) 
Data s e t  two .00378 .00378 .00401 .00401 
Data s e t  three -00382 .00382 .00406 -00406 
11 
PROBABILITY OF STAYING I N  EAST ANGLIA (p20) 
Data s e t  two .a6605 .86627 .a6651 .a6674 
Data s e t  three .a6602 .a6623 .a6647 .a6670 
12 
PIZOBABILITY OF MIGRATING FROM EAST ANGLIA TO SOUTHEAST (.p20) 
Data s e t  two .06819 .06808 .06704 .06689 
Data se t  three .06819 .06808 .06703 .06687 
13 PROBABILITY OF MIGRATING FROM EAST ANGLIA TO REST OF BRITAIN (p20) 
Data se t  two .06197 -06188 .06244 .06236 
Data se t  three .06197 .06187 .06245 -06237 
.030 
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Figure 6 .  The two methods of r a t e s  es t imat ion  con t ras ted .  
Table 1 1 .  Great B r i t a i n ,  hybrid approach: r e g i o n a l  l i f e  expec- 
t a n c i e s  a t  b i r t h  ( i n  y e a r s )  and t h e i r  d i s t r i b u t i o n  
by reg ion  of r e s i d e n c e  ( i n  percentages )  based on one- 
year  deaths  and migrant data  and f i v e - y e a r  deaths  and 
migrant d a t a ,  1970 .  Rates e s t i m a t i o n  comparison. 
M i g r a n t  d a t a  p e r i o d  a n d  method o f  rate c a l c u l a t i o n  
One-year m i g r a n t s  data F i v e - y e a r  m i g r a n t s  d a t a  
E q u i v a l e n t  Averaged E q u i v a l e n t  Averaged 
rates rates rates rates 
Region Run 1 Run 3 Run 9 Run 11 
LIFE EXPECTANCIES BY REGION AT BIRTH 
E a s t  A n g l i a  72.74 72.74 73.02 73.00 
S o u t h  E a s t  72.66 72.66 72.66 72.66 
R e s t  o f  B r i t a i n  71 .83  71.83 71.76 71.78 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  EAST ANGLIA 
E a s t  A n g l i a  41 .98  40.82 57.78 
S o u t h  E a s t  25 .82  26.27 19 .14  
R e s t  o f  B r i t a i n  32.20 32.91 23.08 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  SOUTH EAST 
E a s t  A n g l i a  4 . 2 8  4.36 3 .57  
S o u t h  E a s t  64 .70  63.99 74.40 
R e s t  o f  B r i t a i n  31 .03  31.65 22.03 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  REST OF BRITAIN 
E a s t  A n g l i a  2 .38  2.42 1 .75  
S o u t h  E a s t  16 .59  16.87 11.52 
R e s t  o f  B r i t a i n  81.04 80.71 86.72 86.27 
Note: A l l  r u n s  p r e s e n t e d  i n  t h i s  t a b l e  are b a s e d  o n  t r a n s i t i o n - b a s e d / l i n e a r  
method o f  p r o b a b i l i t y  and s t a t i o n a r y  p o p u l a t i o n  e s t i m a t i o n .  
The d i f f e r e n c e s  a r e  much g r e a t e r  f o r  r a t e s  computed from 
f i v e - y e a r  migran t  d a t a  ( t h e  annual  e q u i v a l e n t  r a t e s  shown i n  
F i g u r e  6 a r e  d e r i v e d  by d i v i d i n g  the f i v e - y e a r  m i g r a t i o n  r a t e s  
by f i v e ) .  The e f f e c t  o f  adopt ing  t h e  e q u i v a l e n t  method i s  t o  
s h i f t  t h e  mig ra t i on  r a t e  cu rve  t o  t h e  l e f t  by an average  of  
about  h a l f  t h e  age  i n t e r v a l  (two and a  h a l f  y e a r s ) .  I n f a n t  
m i g r a t i o n s  a r e  a g a i n  ignored  b u t  t h i s  h a s  less of  an e f f e c t  i n  
t h e  f i ve -yea r  c a s e  because  of a  p robable  unde re s t ima t ion  of  
i n f a n t  mig ran t s  i n  t h e  Grea t  B r i t a i n  accoun t s  from which t h e  
f i v e - y e a r  d a t a  d e r i v e  (Rees 1980a) .  The y e a r s  s p e n t  o u t s i d e  
t h e  r e g i o n  of  b i r t h  a r e  decreased  by an ave rage  o f  j u s t  under 
one p e r c e n t  through t h e  adopt ion  o f  e q u i v a l e n t  r a t e s  compared 
w i t h  averaged r a t e s .  
Rate  e s t i m a t i o n  method does  n o t ,  however, appear  t o  have 
an e f f e c t  on the computation o f  t o t a l  l i f e  expectancy a t  b i r t h .  
4.8 The E f f e c t  o f  Choice o f  A l t e r n a t i v e  Pe r iod  Length Data 
Much more d rama t i c  d i f f e r e n c e s  than  t h o s e  between r a t e s  
e s t i m a t i o n  methods a r e  appa ren t  i n  t h e  F i g u r e  6 schedu le s  and 
t h e  Table  1 1  s t a t i s t i c s ,  however. The f i v e - y e a r  annua l  equiva- 
l e n t  m i g r a t i o n  r a t e s  a r e  lower a t  a l l  ages  t han  t h e  one-year 
m i g r a t i o n  r a t e s .  ( I t  i s  b e t t e r  t o  look a t  t h e  averaged r a t e s  
i n  t h i s  c a s e  because  d i f f e r e n t  equa t ions  were used i n  t h e  one- 
y e a r  and f i v e - y e a r  c a s e s  f o r  t h e  e q u i v a l e n t  r a t e s . )  These 
d i f f e r e n c e s  a r e  p a r t i c u l a r l y  d ramat ic  f o r  t h e  ages  a t  which 
m i g r a t i o n  r a t e s  a r e  h i g h e s t  ( 1  5-30) . 
The d i f f e r e n c e s  i n  t h e  mig ra t i on  r a t e  s chedu le s  f eed  
through t o  t h e  p r o b a b i l i t y  m a t r i c e s  and s o  t h e  rest o f  t h e  l i f e  
t a b l e .  Tab les  1 1  and 12 show t h a t  independent  of r a t e s  est ima- 
t i o n  method o r  p r o b a b i l i t y  e s t i m a t i o n  method, t h e  f i ve -yea r  
based l i f e  t a b l e s  e x h i b i t  f a r  lower e x p e c t a t i o n s  o f  l i f e  o u t s i d e  
r e g i o n s  o f  b i r t h  t han  t h e  one-year based l i f e  t a b l e s .  The 
comparisons i n  Table 1 1  show 10.3 p e r c e n t  less o f  r e g i o n a l  l i f e  
e x p e c t a n c i e s  s p e n t  o u t s i d e  t h e  r eg ion  o f  b i r t h  i n  t h e  f i ve -yea r  
t a b l e s ,  and 10.1 p e r c e n t  less i n  t h e  Table  1 1  comparisons.  
These r e s u l t s  conf i rm t h e  premoni t ions  o f  Ledent  C1978:133-137), 
and t h e  f i n d i n g s  o f  R e e s  (1979b:46-51). 
Table 1 2 .  Great B r i t a i n ,  hybrid approach: r e g i o n a l  l i f e  expec- 
t a n c i e s  a t  b i r t h  ( i n  y e a r s )  and t h e i r  d i s t r i b u t i o n  
by r e g i o n  o f  res idence  ( i n  p e r c e n t a g e s ) ,  u s i n g  averaged 
r a t e s  and t h e  exponent ia l  method. A comparison of 
one-year (1970) and f i v e - y e a r  ( 1966-71) r a t e s .  
Method or  p r o b a b i l i t y  e s t i m a t i o n  and data period 
T r a n s i t i o n - b a s e d  Movement-based 
One-year F ive -yea r  One-year F i v e - y e a r  
Run 4  Run 12  R u n  8 Run 1 6  
LIFE EXPECTANCIES BY REGION AT BIRTH 
E a s t  A n g l i a  72 .41  72.98 72.34 72.74 
S o u t h  E a s t  72 .63  72.64 72.32 72.43 
R e s t  of B r i t a i n  71.69 71.77 71.49 71.55 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  EAST ANGLIA 
E a s t  A n g l i a  40.84 56.02 41.02 
Sou th  E a s t  26.27 20.05 25.97 
R e s t  o f  B r i t a i n  32.89 23.93 33.01 
PERCENT OF LIFE SPENT BY PERSONS BORN IN soum EAST 
E a s t  A n g l i a  4 . 3 6  3.65 4 .28  
S o u t h  E a s t  63 .99  73.62 6 3 . 9 8  
R e s t  o f  B r i t a i n  31.64 22.73 31.74 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  REST OF BRITAIN 
E a s t  A n g l i a  2 .42  1 .88  2 .50  1 .93  
S o u t h  E a s t  1 6 . 8 7  11 .85  1 7 . 5 1  12.29 
R e s t  o f  B r i t a i n  8 0 . 7 0  86.27 79.99 85.77 
Note:  A l l  runs p r e s e n t e d  i n  t h i s  table u s e  a v e r a g e d  ra tes  a n d  t h e  e x p o n e n t i a l  
method o f  p r o b a b i l i t y / s t a t i o n a r y  p o p u l a t i o n  e s t i m a t i o n .  
By way o f  comple teness  one  can  n o t e  t h a t  t h e  d i f f e r e n c e  i n  
m o r t a l i t y  r a t e s  ( 1 9 7 0  v s .  1966 -71 )  or i n  number o f  a g e  g roups  
( 1 8  v s .  16 )  d o e s  n o t  a f f e c t  the one-year  - f i v e - y e a r  m i g r a n t  
d a t a  comparison. T a b l e  13  assembles  l i f e  e x p e c t a n c i e s  and 
d i s t r i b u t i o n  p e r c e n t a g e s  i n  t h e  by now f a m i l i a r  f o r m a t  f o r  a  
comparison o f  s i m i l a r  d a t a  se t  t w o  ( f i v e - y e a r  d e a t h s  d a t a  and 
f i v e - y e a r  m i g r a n t s  d a t a )  w i t h  a  s y n t h e t i c  d a t a  set  t h r e e  Cone- 
y e a r  d e a t h s  d a t a  f o r  1 9 7 0  and f i v e - y e a r  m i g r a n t s  d a t a  f o r  1966-71  
w i t h  16 a g e  g r o u p s ) .  The m o r t a l i t y  d a t a  have  no e f f e c t  on the 
r e g i o n a l  d i s t r i b u t i o n  o f  l i f e  s t a t i s t i c s .  The d i f f e r e n c e s  i n  
the t o t a l  l i f e  e x p e c t a t i o n s  between the one-year  and f i v e - y e a r  
cases a r e  due  t o  t h e  d i f f e r e n c e s  i n  the m i g r a t i o n  s c h e d u l e s  
r a t h e r  t h a n  t o  v a r i a t i o n s  i n  t h e  m o r t a l i t y  p a t t e r n .  I d e a l l y ,  
this s h o u l d  n o t  b e  t h e  c a s e  b u t  i n  the h y b r i d  approach  this 
c o u p l i n g  u n f o r t u n a t e l y  o c c u r s .  
4 . 9  Conc lus ions  a b o u t  t h e  Hybrid Approach 
TO summarize, t h e  e l e m e n t s  o f  c h o i c e  i n  c a l c u l a t i n g  a  m u l t i -  
r e g i o n a l  l i f e  t a b l e  u s i n g  t h e  h y b r i d  a p p r o a c h  can  b e  ranked i n  
o r d e r  o f  i n c r e a s i n g  impac t  on t h e  l i f e  t a b l e  s t a t i s t i c s  a s  
f o l l o w s .  
( 1 )  The c h o i c e  o f  l i n e a r  o r  e x p o n e n t i a l  f o r m u l a e  h a s  a  
v e r y  s m a l l  impact .  From T a b l e  14 w e  c a n  see t h a t  t h e  a v e r a g e  
d i f f e r e n c e  between l i n e a r  and e x p o n e n t i a l  oe v a l u e s  i s  . 0 7  o f  
a  y e a r  ( 2 5  d a y s )  and  r e t e n t i o n  p e r c e n t a g e s  a r e  s h i f t e d  by an  
a v e r a g e  o f  . 2 5  o f  a  p e r c e n t .  
( 2 )  Using t r a n s i t i o n - b a s e d  r a t h e r  t h a n  movement-based 
e q u a t i o n s  f o r  p r o b a b i l i t y  e s t i m a t i o n  s h i f t s  l i f e  e x p e c t a n c i e s  
by , 2 1  o f  a  y e a r  ( 7 7  d a y s )  b u t  changes  r e t e n t i o n  p r o b a b i l i t i e s  
by o n l y  . 1 3  o f  a  p e r c e n t .  
( 3 )  Employment o f  e q u i v a l e n t  m i g r a t i o n  r a t e s  a s  opposed 
t o  averaged  r a t e s  makes v i r t u a l l y  no d i f f e r e n c e  t o  l i f e  expec- 
t a n c i e s  b u t  does  on  a v e r a g e  s h i f t  r e t e n t i o n  p r o b a b i l i t i e s  . 4 6  
o f  a  p e r c e n t .  
Table 13. Great Br i ta in ,  hybrid approach: regional  l i f e  
expectancies  a t  b i r t h  ( i n  years)  and t h e i r  d i s t r ibu-  
t i o n  by region o f  res idence ( i n  percentages) ,  using 
averaged r a t e s ,  the  exponential  method, and f i v e -  
year migrant data.  A comparison of r e s u l t s  using 
one-year ( 1 9 7 0 )  and f ive-year (1966-71) deaths data.  
Method o f  p r o b a b i l i t y  e s t i m a t i o n  a n d  d e a t h s  d a t a  p e r i o d  
T r a n s i t i o n - b a s e d  Movement-based 
F i v e - y e a r  One-year F i v e - y e a r  One-year 
d e a t h s  d e a t h s  d e a t h s  d e a t h s  
Region Run  12 Run 20 Run 16  Run 24 
LIFE EXPECTANCIES BY REGION AT BIRTH 
E a s t  A n g l i a  72 .98  72.86 72.74 72.63 
Sou th  E a s t  72.64 72.75 72.43 72.54 
R e s t  o f  B r i t a i n  71 .77  71.66 71.55 71.45 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  EAST ANGLIJ4 
E a s t  A n g l i a  56 .02  56.01 56.13 
S o u t h  E a s t  2 0 . 0 5  20.10 19.87 
R e s t  o f  B r i t a i n  23 .93  23.89 24.00 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  SOUTH EAST 
E a s t  Angl i a  3 .65  3 .64  3.62 
Sou th  E a s t  73.62 73.70 73.50 
R e s t  o f  B r i t a i n  22.73 22.67 22.88 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  REST OF BRITAIN 
E a s t  A n g l i a  1.88 1.88 1 . 9 3  1 . 9 3  
Sou th  E a s t  1 1 . 8 5  11.89 12 .29  1 2 . 3 3  
R e s t  o f  B r i t a i n  86 .27  86 .23  85.77 85 .73  
Note: A l l  r u n s  p r e s e n t e d  i n  t h i s  table u s e  a v e r a g e d  r a t e s  and  t h e  e x p o n e n t i a l  
method o f  p r g b a b i l i t y / s t a t i o n a r y  p o p u l a t i o n  e s t i m a t i o n s .  The m i g r a n t  
d a t a  a l l  r e f e r  t o  t h e  1966-71 f i v e - y e a r  p e r i o d .  
T a b l e  1.4. G r e a t  B r i t a i n ,  h y b r i d  a p p r o a c h ;  summary oC t h e  e f f e c t s  o f  t h e  c h o i c e s  i n  terms o f  
d i f f e r e n c e s  i n  l i f e  e x p e c t a n c y  ( y e a r s )  and r e t e n t i o n  ( p e r c e n t )  , 
Li nea r  T rans i t i on -bas ed  Equ iva l e n t  One-year migran t  
v e r s u s  v e r s u s  v e r s u s  v e r s u s  
Region Exponent ia l  Movement-based Averaged Five-year  m ig ra n t  
LIFE EXPECTANCY ( y e a r s )  ( i e )  0 
E a s t  Angl ia  +.05 
South E a s t  +.06 
R e s t  of B r i t a i n  +. 09 
Average, GB +.07 + .21  +.01 -.14 
RETENTION ( p e r c e n t s )  ( iO i  X 100) 
E a s t  Angl ia  +.02 
South E a s t  +. 24 
R e s t  o f  B r i t a i n  +. 50 
-
Average, GB +.25 -.13 +.77 -10.22 
Note: Each f i g u r e  i n  t h e  table is t h e  va lue  o f  t h e  d i f f e r e n c e  between t h e  s ta t i s t ic  f o r  a l l  24 r u n s  o f  t h e  l i f e  
t a b l e  program adop t i ng  t h e  upper a l t e r n a t i v e  o f  t h e  p a i r  o f  alternatives which head each column. 
e .g . :  Average l i f e  expec tancy  computed f o r  E a s t  Angl ia  u s i n g  t h e  l i n e a r  fo rmulae  = 72.77 y e a r s  
Average l i f e  expec tancy  computed f o r  E a s t  Angl ia  u s i n g  t h e  e x p o n e n t i a l  formulae = 72.72 y e a r s  
D i f f e r e nc e  = +0.05 o f  a y e a r  
(4) Use of five-year migrant data rather than one-year has 
a slight effect on life expectancy values of .14 of a year (51 
days). However, all other effects are completely overshadowed 
by the dramatic effect of period of migration measurement on 
the retention statistics. When a switch is made in computing 
the three-region multiregional life table for Great Britain 
from one-year to f ive-year migrant data, the percentage of life 
estimated to be spent in the region of birth increases by an 
average of 10.22 percent or about 7.4 years. 
It is difficult to make recommendations as to the best 
choice among the alternatives described in this section but 
nevertheless advice should be offered. 
(1) It is a matter of indifference whether linear of 
exponential equations are chosen, except when migration rates 
are extremely high when the latter should be used. 
(2) Although logically transition-based formulae should 
be used with transition data, the ones used here are less 
satisfactory than the equivalent movement formulae. 
(3) Soundly computed migration rates employing the averaging 
principle should be employed. 
(4) Two reasons can be suggested for using five-year 
transition data when they are available. First, if the life 
table age interval is five years, then these are the data 
which match the model transitions most closely. Second, there 
is evidence of much return migration over a five-year period 
not reflected in the model when one-year migrant data are used. 
This issue will be returned to later in the paper. There we 
will discuss whether this recommendation should be made less 
specific--that is, we should recommend only that T should equal 
n for transition data--or whether we should, in fact, prefer 
say a T = n = 5 system to a T = n = 10 or T = n = 1 system. 
Given the difficulties and tensions inherent in a hybrid 
model that mixes impact transition data and movement methods, 
we turn to the third set of methods involving the transition 
approach. 
5. THE TRANSITION APPROACH: USING SURVIVORSHIP RATES 
5.1 General Discussion 
The transition approach is one which takes into account 
both the "transitionn nature of the multiregional life table 
and the definition of much migration data in transition terms. 
In contrast to the movement and hybrid approaches which are 
based on the assumption of equality of.mortality rates and 
mobility rates in the life table and the observed populations, 
the transition approach instead assumes equality of life table 
and observed survivorsnip rates or proportions. The advantage 
of beginning the life table model with survivorship rates is 
that one begins with rates defined in a way very close to that 
of the probabilities of survival. Survivorship rates together 
with non-survivorship rates should, if properly defined, add 
up to unity (but never exceed it) and measure changes in state 
between fixed points in time (such as t and t+T) just as life 
table survival probabilities measures changes in state between 
fixed points in age (such as x and x+n) . 
Demographers have in the past attempted to measure such 
rates in countries where mortality data were lacking by comparing 
the populations in successive age groups in two consecutive 
censuses. Rogers (1975a) nas adopted these methods to multi- 
regional populations and shown now survival probabilities can 
be estimated from survivorship rates. This he called the 
"Option 2" method. However, the method has been relatively 
neglected because it was proven to produce probability estimates 
that were negative or greater than one, and because it was 
felt that estimation of reliable survivorship rates from data 
was difficult. 
In the next part of the paper, subsection 5.2, we show 
that reliable estimates of survivorship rates can be generated 
either through the prior estimation of multiregional population 
accounts (Rees and Wilson 1977) or through use of census migra- 
tion data and start of period population data or through use 
of census migration, mortality, and population data. Care 
must be taken in handling "closure of the system" when survivor- 
ship rates and we snow that this is best analyzed in a multi- 
regional accounting framework even if multiregional population 
accounts are not themselves prepared. To date in the paper 
we have ignored the closure issue but in our discussion we show 
that it has a hidden influence on multiregional life tables 
estimated via the movement or hybrid approaches. 
The discussion then leads on in subsection 5.3 to a con- 
sideration of ways of estimating survival probabilities from 
survivorship rates. We examine the slight modification proposed 
by Ledent (1978) to the original "Option 2" method, which appears 
to fail to overcorn? its disadvantages fully. Then an averaging 
method, suggested by Rees and Wilson (1977), is shown to work 
well and to avoid the negative or greater than one probabilities 
of the "Option 2" method. Finally, the refinement proposed by 
Ledent (19SOa, 1980b) of the Rees and Wilson method in which a 
cubic spline function is used instead of averaging for inter- 
polation. 
As for the stationary population (L-statistics), we first 
consider a linear method identical to the one used in the move- 
ment and hybrid approaches. Such a linear approach explicitly 
appears in the "Optior 2" method but, in this case, it implicitly 
involves more than the simple use of a linear formula. Such an 
observation led Ledent (1978) to devise a direct method for 
calculating the Lx-statistics which can be substituted for the 
linear approach when the survival probabilities are calculated 
independently from these statistics (as with the linear and 
cubic spline interpolation methods). Below, the linear and 
direct methods are compared. 
After a detailed discussion of the way the British three- 
region data were handled, and the life table experiments sst 
up, we outline in the latter half of this section of :he paper 
the results of our experiments again working from richt tc left 
in the choice table (Figure 1). 
5.2 Survivorship Rates: Methods of Estimation 
5 . 2 . 1  An A c c o u n t s  Framework 
Although it will be unusual to compute survivorship rates 
directly from accounts, an accounts framework is essential for 
understanding the problems involved in handling less-than- 
accounts data. 
Figure 7 sets out the accounts framework for the Great 
Britain regional system we are experimenting with. In this 
system transitions within the rest of the world are ignored so 
that it is not possible to close the system for life table 
purposes by adopting the rest of the world as a fourth region 
to add to three we consider within Great Britain. For popula- 
tion projection purposes this does not matter as we can close 
the system using the immigrant and emigrant information (see 
Rees 1979~). However, for life table purposes adjustments are 
made, either implicitly by default or explicitly by design. 
Let us first define the "true" survivorship and non-survivor- 
snip rates in terms of the accounts variable. The survivorship 
iJ as previously defined, is expressed in terms of rate, Sx , 
accounts variables as follows 
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F i g u r e  7 .  An a c c o u n t s  framework f o r  a G r e a t  B r i t a i n ,  f o u r -  
r e g i o n  s y s t e m  ( a f t e r  Rees 1 9 7 8 ) .  
of a 
' of 
count 
t h e  age  group w i t h  age  range  x  t o  x+n. We assume i n  t h e s e  
d e f i n i t i o n s  t h a t  t h e  age  group i n t e r v a l ,  n ,  i s  e q u a l  t o  t h e  
p e r i o d  l e n g t h ,  T. 
The non-surv ivorsh ip  r a t e ,  Sx is  , i s  a  sum o f  more d i s a g g r e g a t e d  
r a t e s :  
where 
The numerator  Kx ( i ) 6 ( J )  i s  d e f i n e d  a s  t h e  number of  p e r s o n s  
i n  e x i s t e n c e  a t  t h e  s t a r t  o f  t h e  p e r i o d ,  dy ing  i n  e i t h e r  age  
group x  t o  x+n o r  age  g roup  x+n t o  2x+n (see Figu re  7 ' s  Lex i s  
d i a g r a m ) .  Note t h a t  s i n c e  
Examples o f  a n  accoun t s  t a b l e  and a s s o c i a t e d  s u r v i v o r s h i p  r a t e s  
f o r  x  = 2 0  a r e  g iven  i n  T a b l e s  1 5  and 1 6 ,  r e s p e c t i v e l y .  
The d e f i n i t i o n s  f o r  t h e  f i r s t  and l a s t  age  g roups  a r e  s imp le  
a c i a p t a t i ons  o f  e q u a t i o n s  (95)  and (97)  f o r  t h e  f i r s t  age  group:  
PZ-OZ pa6y 
:LIT aauaJsTx3 
Table 16. Survivorship and non-survivorship rates for x = 20, Great Britain, 1966-71. 
Surv iva l  i n :  Death i n :  
Aged 25-29 Aged 20-24 o r  25-29 
T o t a l s  
RB RW E A S E RB R W 
3 4 1 2 3 4 
Eas t  
Anglia 1 .78826 .07502 .08060 -05243 .a0331 .00013 .00015 .00010 1.00000 
c 
.r4 South 
Eas t  2 -01217 .83111 .067 35 .08596 .00002 .00312 -00012 -00015 1.00000 
c 0 
aJ cJ 
4J 
,m Restoof 
B r i t a i n  3 -00413 .037QQ .go813 -04703 .00001 .00006 .00353 .00009 1.00000 
W 4 
R e s t  of  
World 4 - - - - - - - - - 
--- 
T o t a l s  - - - - - - - - 
SOURCE: Rees (1980a) 
so that 
si6 - i6 (k) 
-n - I S-n k 
where the -n label indicates birth during the period and survival 
to or death before reaching the first age group, ages 0 to n, 
at the end of the period. 
For the last age group, the corresponding equations are 
where persons are aged z and over at the start of the period and 
z+n and over at the end of the period, if they survive. 
5 . 2 . 2  C l o s i n g  t h e  S y s t e m  b y  D e f a u l t  
In this subsection we define survivorship rates in a 
fashion that simulates the treatment of the rest of the world 
in the movement and hybrid approaches. This is not to suggest 
that this is the way survivorsnip rates are computed in those 
approaches. By constructing these alternate ways of closing 
the system we can get a feel for some of the biases introduced 
by the treatment of closure in the three approaches to life table 
construction. 
The survivorship rates involving migration within the 
nation are defined as in equations (95) and (1 00) . The non- 
survivorship rate is implicitly defined as in equations (96) 
and (97) although if full accounts were not available, the 
following approximation might be used 
I n  o t h e r  words,  o b s e r v e d  d e a t h s  i n  a  r e g i o n  a r e  s u b s t i t u t e d  f o r  
d e a t h s  t o  p e r s o n s  i n i t i a l l y  i n  t h a t  r e g i o n  a t  t h e  s t a r t  of  t h e  
p e r i o d .  Then t h e  s u r v i v o r s h i p  and s t a y i n g  r a t e s  ( r e t e n t i o n  
r a t e s )  a r e  d e f i n e d  i m p l i c i t l y  a s  r e s i d u a l s  
ii = I - i 6  
Sx Sx f o r  i E: I 
where j E I means t h a t  r e g i o n  j b e l o n g s  t o  t h e  set  o f  r e g i o n s  
I making up t h e  i n t e r n a l  o r  n a t i o n a l  sys tem.  The e q u i v a l e n t  
a c c o u n t s  d e f i n i t i o n  o f  r e t e n t i o n  r a t e s  a s  r e s i d u a l s  would be  
s i i  = 1 - i 6  
X Sx f o r  i E: I kf  i 
where E r e f e r s  t o  t h e  e x t e r n a l  set  o f  r e g i o n s .  
I f  w e  l a b e l  accoun t s -based  s u r v i v o r s h i p  r a t e s  w i t h  a 
l a b e l  ( 0 )  , and s u b s e q u e n t  d e f i n i t i o n s  w i t h  ( 1  ) , ( 2 )  and so on ,  
w e  can  show e x p l i c i t l y  how t h e  v a r i o u s  d e f i n i t i o n s  a r e  connec ted .  
The r e t e n t i o n  r a t e  from e q u a t i o n  ( 107 , sii ( 1 i s  t h e r e f o r e  
i k  ( 1 )  = s i i ( 0 )  + sX ( 0 )  f o r  i E: I 
kE:E 
I n  o t h e r  words r e t e n t i o n  r a t e s  w i l l ,  i f  t h e  sys tem i s  c l o s e d  
by d e f a u l t ,  b e  g r e a t e r  t h a n  t h e i r  t i m e  v a l u e s  by  e m i g r a t i o n  
r a t e .  I n  o t h e r  words,  it i s  assumed t h a t  p e o p l e  who o t h e r w i s e  
l e a v e  t h e  c o u n t r y  remain i n  t h e i r  r e g i o n  of  b i r t h .  
5 . 2 . 3  C l o s i n g  t h e  S y s t e m  b y  R e g u r d i z g  E r r i g r a t i o n  a s  Death  
I n  t h e  l i f e  t a b l e  model i t s e l f ,  normal ly  o n l y  s u r v i v o r s h i p  
r a t e s  a r e  d e f i n e d  and non-surv ivorsh ip  r a t e s  are o b t a i n e d ,  i f  
needed,  a s  a  r e s i d u a l  
The re fo re ,  one method o f  c l o s i n g  t h e  system would be  t o  use  
e q u a t i o n  ( 9 5 )  t o  d e f i n e  t h e  s u r v i v o r s h i p  r a t e s ,  c o r r e c t l y ,  f o r  
i n t e r n a l  t r a n s f e r s ,  and by i m p l i c a t i o n  t o  a l t e r  e q u a t i o n  (110) 
t o  
so  t h a t  i n  t h i s  c a s e  
Th i s  method assumes t h a t  when people  emig ra t e  o u t  o f  t h e  coun t ry ,  
t h e i r  l i v e s  a r e  l o s t  t o  t h e  system, and t h e y  a r e  t r e a t e d  a s  dead.  
The problem w i t h  t h i s  method of c l o s u r e  i s  t h a t  t h e  l i f e  
e x p e c t a n c i e s  f o r  r e g i c n a l  c o h o r t s  w i l l  behave w i t h  age  i n  a  way 
ve ry  d i f f e r e n t  from t h o s e  o f  any o t h e r  l i f e  t a b l e s ,  a s  can  be 
s een  from comparing t h e  s6 ( 2 )  r a t e s  w i t h  t h o s e  f o r  S : O  ( 1  ) 
- 20 
shown i n  F igu re  8 .  
5 . 2 . 4  CZos ing  t h e  Sijstern b y  Reduc i ng  t h e  2 o p u Z a t i o n  a t  R i s k  
I f  t h e  d a t a  t o  hand a r e  i n  form of  popu la t i on  accoun t s ,  
i t  i s  p o s s i b l e  t o  c l o s e  t h e  sys tem by r e d e f i n i n g  t h e  popu la t i on  
a t  r i s k :  emigran ts  (both s u r v i v o r s  and non-surv ivors )  a r e  
a b s t r a c t e d  from t h e  i n i t i a l  popu la t i on ,  s o  t h a t  
By d e f a u l t  
By combining e m i g r a t i o n  and d e a t h  
By r e d u c i n g  t h e  p o p u l a t i o n  a t  r i s k  
By u s i n g  c o n d i t i o n a l  s u r v i v o r s h i p  r a t e s  
By expanding t o  i n c l u d e  t h e  r e s t  o f  t h e  world  
ROWS = o r i g i n s  1 = E a s t  Angl ia  2 = South E a s t  3 = R e s t  o f  B r i t a i n  
Columns = d e s t i n a t i o n s  1 = E a s t  Angl ia  2 = South E a s t  3 = R e s t  7 f  B r i t a i n  
F i g u r e  8 .  520 m a t r i c e s  f o r  G r e a t  B r i t a i n  c o n s e q u e n t  o n  v a r i o u s  
m e t n o a s  o f  c l o s i n g  t h e  s y s t e m .  
The s u r v i v o r s h i p  and n o n - s u r v i v o r s h i p  r a t e s  a r e  t h e n  c o n d i t i o n a l  
on s t a y i n g  w i t h i n  t h e  i n t e r n a l  se t  o f  r e g i o n s  and t h e y  w i l l  s t i l l  
have t h e  p r o p e r t y  
Compared w i t h  t h e  f i r s t  d e f i n i t i o n  (by d e f a u l t )  t h e  d i a g o n a l  
e l e m e n t s  o f  S a r e  lower  and t h e  o f f - d i a g o n a l  e l e m e n t s  a r e  h i g h e r ,  
-X 
a s  can  be s e e n  i n  t h e  sample  c a l c u l a t i o n s  f o r  x = 2 0  ( F i g u r e  8 ) .  
S p r e a d i n g  t h e  a d j u s t m e n t s  o v e r  a l l  t e r m s  i n  t h e  S m a t r i c e s  i n  
- X  
t h e  f a s h i o n  s u g g e s t e d  h e r e  p r e s e r v e s  t h e  p a t t e r n  o f  p o p u l a t i o n  
r e d i s t r i b u t i o n  c o n t a i n e d  i n  t h e  a c c o u n t s  whereas  t h e  f i r s t  
method r e d u c e s  t h e  amount o f  s u c h  r e d i s t r i b u t i o n  by o v e r e s t i m a t i n g  
t h e  d i a g o n a l  terms. 
S u r v i v o r s h i p  r a t e s  computed by t h i s  method w i l l  be i n f l a t e d  
compared w i t h  t h o s e  computed d i r e c t l y  from t h e  a c c o u n t s  by t h e  
r a t i o s  o f  t h e i r  p o p u l a t i o n s  a t  r i s k :  
5 . 2 . 5  C l o s i n g  t h e  S y s t e m  Us ing  C o n d i t i o n a l  S u r v i v o r s h i p  R a t e s  
Frequently, the measurement of survivorship rates cannot 
start from an accounts table either because the necessary emigra- 
tion data are unavailable or poorly estimated or because of 
problems in implementing the necessary computer programs (Plessis- 
Fraissard and Rees 1976, 1978 and Plessis-Fraissard 1980). 
Ledent (1980a, 1980b) has proposed a method which uses census 
migration data only to compute conditional survivorship rates. 
Overall survivorship rates are computed independently using 
mortality and mid-period population data, and these then are 
multiplied by the conditional survivorship rates to yield esti- 
mates of the survivorship rates. 
The conditional survivorship rates are defined as 
where K ' (i) (k) are entries in census migration tables. Some- 
X 
' (i) (i) , are not published, but times the diagonal values, Kx 
they can usually be computed using the census population figures 
and data from the immigrant tables: 
assuming that 
which will be true when T = n. This assumption we have made 
throughout section 5 to date in order to keep the presentation 
straightforward, although the assumption is not strictly neces- 
sary. 
ij We now show how Sx estimates might be computed from esti- 
mates of overall survivorship rates, s:' . However, the procedure 
actually used is to introduce these as overall survival proba- 
bilities and we describe this method afterwards. 
Given good estimates of the sa matrices computed from the 
-X 
accounts or from conventional mortality data, we can then 
compute the survivorship rates as 
with the overall survivorship rates being equivalent to 5:'(0) 
where 
How then do the s:] (4) compare with our original accounts 
i j based definitions, Sx (0)) We can express equation (120) as 
Using this definition together with that of s:] (0) in equation 
(95) , we obtain 
E: (110 (k) 
s:j ( 4 )  = Sx ij (0 for i,j E I (123) 
1 Kx k 
E (1) u (k) 1 Kx kc1 
Thus, the survivorship rates are inflated, in comparison to those 
in the original accounts by the ratio of all survivors (including 
emigrants) of the rcgion if age x to x+n population to just those 
surviving within the internal set of regions. However, the 
iu 
estimates should be very close if the Sx (4) rates are close 
to the s:' (0) rates. In Figure 8, this has been assumed and 
the S20(4) estimates are very close to the S20(3) estimates. 
- 
In practice, for many population systems, overall survivor- 
ship rates cannot be computed directly from population accounts 
because those accounts have not been estimated. So, instead 
we need a method for estimating such overall survivorship rates, 
Sx, from conventional mortality data, so that we can compute 
the survivorship rates 
For the purposes of this task, note that if the Markovian 
assumption holds, we have the following relationship between 
the basic inputs of the movement and transition approaches, 
assuming further the use of a linear integration formula fcr 
calculating Lx - (Ledent 1978, equation 67, page 48): 
and therefore that 
n Premultiplying both sides of equation (126) by (I + blx+n), 
- 
we obtain 
Next w e  p r e m u l t i p l y  t h i s  e q u a l i t y  by a  row v e c t o r  o f  o n e s ,  { i l l .  
S i n c e  { i } ' ~  and { i } ' ~ ~ + ~  a r e  row v e c t o r s  of  c o n v e n t i o n a l  m o r t a l i t y  
6-? 6 - 
r a t e s ,  M and {Mx+n} , r e s p e c t i v e l y .  and s i n c e  { i )  ' S  5' is  a  
X -X -X i a  
row v e c t o r ,  {s:}', whose t y p i c a l  e l ement  i s  sx , w e  can  w r i t e  
e q u a t i o n  ( 1 2 7 )  a s  
which becomes, a f t e r  t r a n s p o s i t i o n ,  
a -1  Then, i f  w e  p r e m u l t i p l y  b o t h  s i d e s  o f  ( 1 2 9 )  by [S ] , w e  o b t a i n  
- X  
s o  t h a t  
where {SEj- '  d eno t e s  a  v e c t o r  whose e lements  a r e  t h e  r e c i p r o c a l s  
o f  t h e  e l emen t s  o f  IS?;.  
i. 
6 W e  c a n  e s t i m a t e  ?Ix and ex+n 
- 
i n  t h e  normal way from con- 
v e n t i o n a l  m o r t a l i t y  and can  measure s from census  m i g r a t i o n  
- X  a 
and p o p u l a t i o n  d a t a ,  and s o  f i n d  t h e  Sx t e r m s .  Equa t ion  ( 1 3 1 )  
e n s u r e s  t h e  conve r s ion  o f  p l a c e  o f  d e a t h  r a t e s  i n t o  p l a c e  of  
i n i t i a l  r e s i d e n c e  r a t e s  th rough  t h e  u se  o f  t h e  s m a t r i x .  T h i s  
-X 
e q u a t i o n  o p e r a t e s  i n  a  manner analogous  t o  t h e  m i g r a t i o n  and 
d e a t h  e q u a t i o n s  i n  an  accounts-based model,  and i s  based on t h e  
h y p o t h e s i s  t h a t  peop le  d i e  a t  t h e  r a t e  of t h e  r e g i o n  t h e y  move t o .  
Note that the above derivation of the survivorship matrices 
sx from the knowledge of the conditional survival matrices $x 
and the conventional mortality rates Mx ,., and yx+n is only valid 
when n = T. In case n # T, one will then adopt an alternative 
closure method or, if the same type of closure is required, one 
will follow the multiregional life table construction method 
proposed by Ledent (1980b) : see section 5.8 below. 
5.2.6 C l o s i n g  tize S y s t e m  by I n c l u d i n g  t h e  R e s t  cf t h e  World 
A final method of closing the system would, of course, be 
to include the flows within the rest of the world that were set 
to zero in Table 15. Approximate survivorship rate values have 
been computed for the rest of the world row and are displayed in 
Figure 8 to show that the numbers can be estimated. 
The usual objection to such a procedure is that the rates 
of migration from the rest of the world to the internal regions 
do not reflect the time rate of return migration by persons born 
within the country. However, this applies to any of the inter- 
regional flows, and ideally we should begin all multiregional 
life tables with migration data cross-classified by region of 
birth as Ledent (1980~) points out. 
5 . 2 . 7  Summary o  j S u r v i v o r s h i p  Rate  Cho ices  
Some five alternative methods of survivorship rate calcula- 
tion have been presented. The second and fifth choices are not 
considered as they lead to life tables of very different nature 
than the ones we have been considering so far. The first choice, 
although easy to put into operation, leads to overestimates of 
retention rates and to overestimates of the amount of life spent 
in the region of birth. We therefore concentrate on the third 
and fourth methods, the third which presupposes that a set of 
population accounts is available and the fourth which can be 
used with census migration data and mortality statistics. 
5.3 Methods of Converting Survivorship Rates into Survival 
Probabilities 
5.3.1 The "Option 2 "  Method 
A first method, denoted originally as the "Option 2 "  method, 
was proposed by Rogers (1975:85-88). The following linkage 
between survivorship rate matrices, sx, and survival probability 
matrices, px, was derived assuming the linear integration 
formula for Lx (Rogers 1975, equation A.14, p. 85) 
- 
Equation (132) can be rearranged to yield either a formula for 
p or one for P,+~. Postmultiplying both sides of equation 
-X .. 
(1 32) by (I + pxl and rearranging we obtain 
* 
which suggests px can be obtained if pX+, 
.., * 
and sx are known. 
Alternatively, one can rewrite equation (132) as 
which suggests that pX+, 
- 
can be derived if sx and px are known. 
In the first case (the case originally considered by Rogers 
1975a), if an estimate of pZ-n is available then the matrices 
Px (for x = z-2n,z-3n,.. . ,n,0) can be obtained. In the second 
case (suggested by Ledent 1978), if po is known, then the 
series of matrices ex (for x = n,2n, ..., 2-n) can be obtained 
from knowledge of the survivorship matrices s (for x = 0,n,2nt 
-X 
. . . , z-2n) . 
Here w e  u s e  t h e  s e c o n d  way and  compute t h e  p ' s  p r o c e e d i n g  
-x+n 
from younger  t o  o l d e r  a g e s .  The f i r s t  ex,  eo,  c a n  be  found 
from t h e  r e l a t i o n s  assumed i n  t h e  l i n e a r  i n t e g r a t i o n  o f  L 
- X  
which ,  i f  lo = I and en = e0 < 0 ,  becomes 
- - 
s o  t h a t  
when p o  c a n  be  e s t i m a t e d  by s e t t i n g  e q u a l  t o  t h e  o b s e r v e d  
- - 
3 .  
--n 
However, t h e  "Opt ion  2 "  a p p r o a c h  h a s  i t s  drawbacks .  Because  
t h e  method re l ies  on a f o r m u l a  l i n k i n g  s t a t i s t i c s  o f  two con- 
s e c u t i v e  a g e  i n t e r v a l s ,  e s t i m a t i o n  e r r o r s  made f o r  a g i v e n  a g e  
i n t e r v a l  are p a s s e d  on t o  t h e  n e x t  and  s o  t h e y  c u m u l a t e .  A l s o ,  
it i s  c r i t i c a l l y  d e p e n d e n t  on t h e  i n i t i a l  e0 o r  ez-n estimate. 
E q u a t i o n  ( 1  38)  t u r n s  o u t  t o  b e  a poor  estimate f o r  p o ,  and  
- 
u n d e s i r a b l e  estimates o u t s i d e  t h e  0 ,  1 r a n g e  are g e n e r a l l y  
o b t a i n e d  even  i f  t h e  o b s e r v e d  s u r v i v o r s h i p  matrices are f r e e  
f rom any measurement  e r r o r .  I n  a d d i t i o n ,  t h e  method a s sumes  
t h a t  t h e  a g e  i n t e r v a l ,  n ,  i s  e q u a l  t o  t h e  t i m e  p e r i o d  l e n g t h ,  T.  
5 . 3 . 2  T h 2  i < n e a r  I n s d r ? o Z a t i o n  Method 
A s  a n  a l t e r n a t i v e  t o  t h e  "Opt ion  2 "  method,  R e e s  and  
Li i lson (1977)  s u g g e s t  t h a t  a  s i m p l e  s o l u t i o n  t o  t h e  p rob lem o f  
d e r i v i n g  s u r v i v a l  p r o b a b i l i t i e s  f rom s u r v i v o r s h i p  r a t e s  i s  t o  
a v e r a g e  t h e  l a t t e r  (see F i g u r e  9 a )  
Time + 
t + 5  
A. A typical age transition 
n - 5 . T - S c a a  
Average lifeline for S,": average initial ege, x - 5 + 512 
+ 5/2 
Average lifeline for Px: average initial age, x 
Average lifeline for S,: average initial age, x + 512 
+ 5 + 512 
B. The first age group for n = 5, T = 5 case 
Figure 9. Lexis diagrams illustrating the linear interpolation 
method applied to survivorship rates. 
C. The  last age group, n = 5 ,  T = 5  case 
T ime  -* 
t t + l  
Average lifeline for Sz-,o: average initial age, z - 1512 
z - 512 
D. A typical age transition 
n = 5 ,  T = 1 case 
\ 
\* 
\ 
Average lifeline for PZ-5: average initial age, z - 5  
F i g u r e  9 .  C o n t i n u e 2 .  
Z 
Average lifeline for  Sz-5 : average age, z ? 
x + 512 - 1 
Average lifeline for Sx-, : average initial age, x + 512 - 1 
x + 5 / 2 - 1 1 2  \ 
\ 
t \  x + 5 / 2 + 1 / 2  x + 5 - 1  
Average lifeline for P x :  average initial age, x + 512 - 112 
Age 
i 
x + 5  
The l o g i c  behind s u c h  a p rocedure  is  t h a t  t o  i n t e r p o l a t e  a l l  one 
h a s  t o  do  i s  assume a v e r a g e  a g e s  a t  t h e  s t a r t  o f  t h e  t i m e  
i n t e r v a l  ( f o r  t h e  p o p u l a t i o n s  i n v o l v e d  i n  t h e  t r a n s i t i o n s )  f o r  
the Sx-n, St and ex rates,  and t h e n  t o  assume a l i n e a r  f u n c t i o n  
f o r  t h e  r a t e  between t h e  a v e r a g e  a g e  f o r  Sx-n and S , from which 
-x  
t h e  p  rate c a n  be  r e a d  u s i n g  i t s  assumed a v e r a g e  age .  
-X 
Indeed  (139) d o e s  n o t  a p p l y  t o  t h e  f i r s t  a g e  group.  I n  
p r a c t i c e ,  w e  t a k e  
The S-, rates  m a t r i x  i s  s q u a r e d  s o  t h a t  it  r e f e r s  t o  a T-year 
T p e r i o d  e q u i v a l e n t  r a t h e r  t h a n  a 2 - y e a r  p e r i o d ,  which t h e  a v e r a g e  
i n f a n t  born  i n  a t i m e  i n t e r v a l  w i l l  e x p e r i e n c e  (see F i g u r e  9 b ) .  
The l a s t  age t r a n s i t i o n  i s  a l s o  p r o b l e m a t i c a l .  I t  i s  d i f -  
f i c u l t  t o  know what a v e r a g e  age  t o  assume f o r  t h e  SZ-, rates.  
T h i s  w i l l  depend on whether  w e  u s e  t h e  SZ-n rates as r e f e r r i n g  
o n l y  t o  age  group z-n t o  z  ( a t  t h e  s t a r t  o f  t h e  t i m e  i n t e r v a l  
o f  s u r v i v o r s h i p )  o r  whe the r  w e  u s e  SZ-n rates  a s  r e f e r r i n g  t o  
a g e  g roup  z-n and above.  I n  t h e  former  case, a n  a v e r a g e  o f  
z  c a n  b e  assumed and  e q u a t i o n  (139) used ;  i n  t h e  l a t t e r  case, 
t h e  a v e r a g e  s h o u l d  b e  h i g h e r  and i n  F i g u r e  9d,  a n  a v e r a g e  a g e  
5 
o f  z + ~  i s assumed. Then, w e  would o b t a i n  pz-n from 
A l l  of  t h e  above r e a s o n i n g  assumes,  a s  i n  t h e  "Option 2 "  method, 
t h a t  n = T.  However, t h e  above " a v e r a g i n g "  p r o c e d u r e  can  be  
e a s i l y  g e n e r a l i z e d  i n t o  a l i n e a r  i n t e r p o l a t i o n  p r o c e d u r e  (see 
F i g u r e  9d drawn f o r  a s i t u a t i o n  where n  = 5 and T  = 1 ) .  
Survlvorship rates can be meas~red only by age groups at 
the end cf the period (at time t+l when a census has been taken). 
The survivorship rates can then be plotted at the average ages 
so determined and the probability read off the graph (Figure 10). 
Rate or 
probabili~y 
scale t 
Average Age at 
initial start of 
age interval 
Average 
initial 
age 
Figure i O .  A graph illustrating how the linear interpolation 
for estimating p survival probabilities from S 
X X 
survivorship rates works. 
Normally, we will wish to carry out such interpolation 
numerically rather than graphically. Let x (s) be the average 1 
age associated with Sx , the survivorship rates "younger" than 
- 1 
let (s) be the average associated with zx , the "older" Pxl 2 2 
survivorship rates, and let x(p) be the associated with the 
2X probabilities. Then, if we assume a linear function between 
. 
S and. S , ex is given by 
-X1 -X2 
where t h e  f i r s t  t e r m  i s  ' t h e  i n i t i a l  c o n s t a n t ,  t h e  second  t e r m  
t h e  s l o p e  and t h e  t h i r d  t e r m  t h e  a g e  i n t e r v a l  t o  which t h e  
-. 
X I  ( s )  + z2 (s) 
s l o p e  i s  a p p l i e d .  Note t h a t ,  by s u b s t i t u t i n g  x ( p )  = 2  
i n t o  ( 1 4 2 ) ,  w e  s i m p l y  r e d e r i v e  e q u a t i o n  ( 1 3 9 ) .  
Note t h a t  t h e  a v e r a g i n g  method proposed i n  (139)  relies 
o n  a n  a r i t h m e t i c  a v e r a g e .  A l t e r n a t i v e l y ,  t h e  a v e r a g i n g  c o u l d  
be  g e o m e t r i c  r a t h e r  t h a n  a r i t h m e t i c  
I n  t h e  c a s e  o f  t h e  f i r s t  a g e  group w e  would have  
Th i s  e s t i m a t e  i s  b e t t e r  t h a n  t h a t  of  (140)  s i n c e  3% is a 
r e a s o n a b l e  e s t i m a t e  o f  t h e  t r a n s i t i o n s  t h a t  o c c u r  i n  ABCD i n  
F i g u r e  9c t a k i n g  i n f a n t s  from t h e  t + 5  l i n e  t o  t h e i r  f i f t h  
b i r t h d a y s ,  a l t h o u g h  it w i l l  t e n d  t o  o v e r e s t i m a t e  s u r v i v a l  chances  
6 
o f  t h e  i n f a n t  from 0  t o  n  s i n c e  S 0 ( 2 )  i s  undoubted less t h a n  
6 , S O ( l )  (see F i g u r e  9 c ) .  However, t h e  t r u e  po i s  q u i t e  c l o s e  t o  
, 
t h e  e q u a t i o n  (144)  e x p r e s s i o n  and w e  a d o p t  it i n  o u r  l i n e a r  
i n t e r p o l a t i o n  method i n  p r e f e r e n c e  t o  e q u a t i o n  ( 1 4 0 ) .  
Again i n  t h e  c a s e  n  # T ,  such a  method c o u l d  b e  g e n e r a l i z e d  
i n t o  an i n t e r p o l a t i o n  method based  on 
It must be admitted that the linear interpolation method 
is crude, particularly in its assumptions about average ages. 
An additional real world complication is that different average 
ages may be applicable to different transitions. If this refine- 
ment were to be added it would be necessary to interpolate 
between non-survivorship rates as well and then constrain the 
resulting probabilities so that they add to 1. However, crude 
although this linear interpolation, including the variant just 
described, is, it does have the considerable advantage over the 
"Option 2" method in guaranteeing that if the Sx rates have 
been properly measured and lie between 0 and 1, then the px 
- 
probabilities will do so also. The method is clearly more 
satisfactory when n is small (say 1) than when large (say 5). 
It is also fairly logical to improve the method by fitting a 
function to the observed survivorship rates that is better than 
the point to point linear one which the averaging method assumes. 
Y .  3 . 3  C a b i c  S p Z i ~ s  T n t e r p o Z a t i o n  Method 
Such a method has been developed by Ledent (1980b) using 
a cubic spline function similar to that employed by McNeil, 
Trussell and Turner (1977). Figure 1 1  shows how the technique 
works in principle. Plotted on a graph of survivorship rate 
12 12 
versus age are the values for S-5, So ,.. . , Sii (East Anglia 
to South East migratory transition). 
The age scale used on the graph refers to age at the 
beginning of an x to x+5 transition associated with a p proba- 
X 
bility. Survivorship rates, Sx, are plotted at x+2.5 years on 
this scale because the "Sx persons" making a transition are 
initially 2.5 years older than the "px persons". An additional 
age scale has been added at the bottom of the diagram to indicate 
the average age at which transitions are assumed to take place 
either for "S persons" or "p persons". The straightlines 
X X 
linking these data points represent the function used by implica- 
tion when the arithmetic averaging approach is employed. This 
works fairly well when the survivorship function is either 
decreasing fairly smoothly as it is between age 25 and 75 or 

i n c r e a s i n g  smoo th ly  a s  it i s  between 15 and  20. A t  t h e  t u r n i n g  
p o i n t s  o f  t h e  f u n c t i o n ,  however ,  t h e  p i e c e w i s e  l i n e a r  f u n c t i o n  
b e h a v e s  less w e l l .  
The a l t e r n a t i v e  i s  t o  f i t  a smoo th ing  f u n c t i o n  u s i n g  t h e  
c u b i c  s p l i n e  method.  Such a  f u n c t i o n  i s  i n d i c a t e d  by t h e  pecked 
l i n e  on F i g u r e  1 1 .  The r e q u i r e d  px p r o b a b i l i t i e s  may t h e n  b e  
f c u n d  a s  t h e  v a l u e  o f  t h e  o r d i n a t e  a t  a g e s  xi; f o r  x  = 0 , n . 2 n l  
..., z-n. One d i f f i c u l t y  t h a t  sometimes a r i s e s  i n  t h e  c a s e  o f  
low m o r t a l i t y  l e v e l s  f o r  t h e  younger  a g e  g r o u p s  i s  t h a t  a p p l i c a -  
t i o n  o f  t h e  c u b i c  s p l i n e  i n t e r p o l a t i o n  p r o c e d u r e  may y i e l d  
e s t i m a t e s  o f  t h e  s u r v i v o r s h i p  r a t e s  and  s u r v i v a l  p r o b a b i l i t i e s  
To g e t  round  t h i s  d i f f i c u l t y  o n e  c o u l d  e i t h e r  c o n s t r a i n  
t h e  p  e s t i m a t e s  t o  add  t o  one  
i j i ; 
Px ( b )  = px-  ( a )  k 
and  
. - i j 1 2  
where px ( a )  and  px ( 2 )  a r e  t h e  initial e s t i m a t e s  and  pi' ( b j  t h e  
X 
a d j u s t e d  e s t i m a t e s .  Or ,  t h e  e r r o r  c o u l d  b e  l o a d e d  o n t o  t h e  
r e t e n t i o n  p r o b a b i l i t i e s  by u s i n g  
i n s t e a d  o f  t h e  i r . t e r i 3 c l a t i o n  method. 
A comparison of t h e  s u r v i v a l  p r o b a b i l i t i e s  r e s u l t i n g  from 
t h e  two i n t e r p o l a t i o n  methods i s  given  i n  Table 17. F igu re  1 1  
p l o t s  t h e  f u l l  age range  f o r  t h e  Eas t  Angl ia  t o  South E a s t  
t r a n s i t i o n .  The major d i f f e r e n c e s  occu r ,  as one would expec t ,  
a t  t h e  major t u r n i n g  p o i n t s  o f  t h e  survivorship/probability 
schedules :  a t  t h e  p10 l o c a l  minimum and t h e  p10 maximum. The 
cub ic  s p l i n e  v a l u e s  are lower f o r  p10 m i g r a t i o n  terxns and h igher  
f o r  p  mig ra t ion  terms t han  the corresponding ave rag ing  method 20 
va lues .  The c u b i c  s p l i n e  r e t e n t i o n  value 's  f o r  p10 are h ighe r  
and f o r  p20 are lower t h a n  t h e  va lues  f o r  t h e  o t h e r  method. The 
va lues  f o r  t h e  o t h e r  age  i n t e r v a l s  are f a i r l y  close and succes-  
s i v e  d i f f e r e n c e s  t end  t o  c a n c e l  o u t ,  be ing  d i f f e r e n t  i n  s i g n .  
Thus, a l though  t h e  c u b i c  s p l i n e  i n t e r p o l a t e d  v a l u e s  are c l e a r l y  
c l o s e r  to  the ' t r u t h n ,  w e  should  n o t  e x p e c t  t h e  t w o  d i f f e r e n t  
i n t e r p o l a t i o n  methods t o  g i v e  very d i f f e r e n t  l i f e  expectancy 
r e s u l t s .  I f  a good c u b i c  s p l i n e  smoothing s u b r o u t i n e  i s  
a v a i l a b l e ,  it should be used; o therwise  t h e  ave rag ing  method 
w i l l  be p e r f e c t l y  adequa te .  Note t h a t  s p e c i a l  c a r e  should be 
taken i n  u s ing  t h e  b e s t  v a l u e s  and b e s t  " p l o t t i n g  a g e s w  f o r  t h e  
f i r s t  and l a s t  s u r v i v o r s h i p  r a t e s :  t h e  b e s t  v a l u e s  a r e  t h o s e  
d i r e c t l y  observed.  
5 . 4  S t a t i o n a r y  Populat i ,on Es t imators  
5 . 4 .  ? The Linear  Method 
The "Option 2 "  method f o r  computing t h e  p x ' s  i nvo lves  t h e  
- 
assumption t h a t  Lx i s  computed l i n e a r l y  from 
-. 
wi th  t h e  l a s t  va lue  computed us ing  t h e  ( l i f e  t a b l e )  su rv ivo r -  
s h i p  r a t e  
Table 17. Survival probabilities, px, for x = 5 to 35; for 
East Anglia estimated from survivorship rates using 
the averaging and the cubic spline interpolation 
methods. 
A. Linear interpolation (run 26) 
Transition from East Anglia to 
Age Death East Angl ia South East Rest of Britain 
5 .00290 .go582 .04190 .04939 
10 .02208 .92246 .03687 .03850 
15 .00324 .a8879 -05905 .04892 
20 .00387 .a4225 ,08001 .07387 
2 5 .00383 .a5369 .06780 .07448 
3 0 .00453 -88824 .04969 .05754 
3 5 .00682 -91321 .03681 .04317 
B. Cubic spline interpolation (run 28) 
Transition from East Anglia to 
Age Death East Anglia South East Rest of Britain 
I 
5 -00077 .go709 .04164 .05050 
10 .0022 3 .93080 .03185 .03512 
15 .00326 -89189 .05898 .04587 
20 .00403 .a3112 .08625 .07860 
2 5 .00370 .a5159 -06783 .07688 
30 -00433 -89044 -04887 .05636 
3 5 -00655 -91370 .03621 .04354 
However, because of t h e  methodology i n h e r e n t  t o  t h e  "Option 
2 "  method ( t h e  l i n e a r  assumption i s  used twice ,  once when 
d e r i v i n g  t h e  s u r v i v a l  p r o b a b i l i t i e s  from t h e  s u r v i v o r s h i p  r a t e s  
and a g a i n  when d e r i v i n g  t h e  L - s t a t i s t i c s ) ,  t h e  e s t i m a t e s  of 
t h e  L - s t a t i s t i c s  are such t h a t  f o r  a l l  age groups 
This  indeed s u g g e s t s  t h e  use  of a  d i r e c t  method f o r  ca lcu-  
l a t i n g  Lx,  i n  t h e  c a s e  t h e  e s t i m a t i o n  of t h e  s u r v i v a l  proba- 
b i l i t i e s  do n o t  have any s t r i n g e n t  consequences f o r  t h e  ca lcu-  
l a t i o n  of L  . 
- X 
5 . 4 . 2  The D i r e c t  Method 
The method w e  propose here  ( o r i g i n a l l y  sugges ted  by Ledent 
1978, 1980a) t a k e s  t h e  normal l i f e  t a b l e  d e f i n i t i o n s  of  su rv ivo r -  
s h i p  r a t e s  
and 
and r e v e r s e s  them, s u b s t i t u t i n g  t h e  observed Sx f o r  t h e  l i f e  
t a b l e  f x ,  s t a r t i n g  wi th  
and con t inu ing  with 
L = S  L 
-n -0 -0 
and more g e n e r a l l y  w i t h  
where S ( n  = - n I 0 , n , 2 n , . . . , z - n , z )  a r e  t h e  obse rved  v a l u e s  of  
- X  
t h e  s u r v i v o r s h i p  r a t e s .  Note t h a t  t h i s  series of e q u a t i o n s  
makes p o s s i b l e  a  s o l u t i o n  t o  t h e  l a s t  a g e  group problem so t h a t  
where S a r e  t h e  obse rved  s u r v i v o r s h i p  r a t e s  i n  t h e  l a s t ,  open- 
- Z 
ended a g e  g roup .  Equat ion  (159)  l e a d s  t o  
T h i s  g i v e s  u s  a n  e x p r e s s i o n  f o r  t h e  l i f e  t a b l e  s u r v i v o r s h i p  
r a t e  zz-n  
One i n t e r e s t i n g  i m p l i c a t i o n  o f  u s i n g  t h i s  d i r e c t  method 
f o r  computing t h e  l i f e  y e a r s  l i v e d  v a r i a b l e  ( L  ' s  o t h e r  i n t e r -  
- X  
p r e t a t i o n )  i s  t h a t  l i f e  e x p e c t a n c i e s  a t  b i r t h  0<0  w i l l  depend 
o n l y  on t h e  s u r v i v o r s h i p  r a t e s .  
Given t h a t  
Typically 
x-n 
- X y=-n 
so that 
Since life expectancies by region of birth at birth are computed 
as 
they can be re-expressed as 
x-n 
Life expectancies beyond age u are 
s o  t h a t  
x-n 
0-u -0 - u  
5 . 4 . 3  About  t h e  Last A g e  Group 
Before going on t o  d i s c u s s  t h e  e m p i r i c a l  implementation of 
t h e  t r a n s i t i o n  approach,  it w i l l  be u s e f u l  t o  c l a r i f y  how 
s u r v i v o r s h i p  r a t e s  f o r  t h e  l a s t  age groups a r e  t r e a t e d  i n  t h e  
l i f e  t a b l e  and accoun t s  based p r o j e c t i o n  models. 
I n  l i f e  t a b l e  based p r o j e c t i o n  models t h e  bottom r ight-hand 
corner  of  t h e  growth o p e r a t o r  ma t r ix ,  G ,  ar ranged  l i k e  a  Leslie 
- 
mat r ix  w i th  each te rm an n  x n  i n t e r r e g i o n a l  submatr ix  
whereas i n  accounts  based p r o j e c t i o n  models t h e  e q u i v a l e n t  co rne r  
looks  l i k e  t h i s  
The lower ca se  s l e t t e r s  r e f e r  t o  l i f e  t a b l e  de r ived  su rv ivo r -  
s h i p  r a t e s  and ' the  upper ca se  S l e t t e r s  t o  observed (accounts-  
based)  s u r v i v o r s h i p  r a t e s .  
The l i f e  t a b l e  s u r v i v o r s h i p  submat r ices  a r e  de f ined  a s  
fo l lows  : 
and 
where LZ - are the life years lived beyond age z or the stationary 
population in ages z and over. The accounts based definitions 
are 
where K refers to an n x n accounts matrix of survivors in the 
age group starting with age 2-211, z-n or z and extending to z-n, 
z or all ages beyond z respectively, and [kid is a diagonal 
matrix of initial populations in the age group indicated by the 
age subscript. 
Now g z  in the life table is set to zero because it has a 
similar meaning as pZ. The p, probability refers to the prob- 
- - 
ability of surviving from exact age z to exact age w by which 
no one remains alive (1, = 0) . In effect, we assume pz ,+, '
- 
P ~ + ~ ~ + ~ ~  = . -  !,-, eW = 0. Similarly, s ,z ?z+n ' Sz+2n * * .  
S 
,w-n = 0 since L = 0. In the observed projection matrix, ,W 
however, we only want to carry things forward for T years and 
therefore clearly the S survivorship rate will be non-zero. 
-2 
5.5 The Data Sets Used and Experiments Carried Out 
For computing multiregional life tables using the transi- 
tion approach additional data are required. For the transition 
approach we require data on the stayers and survivors for each 
of data sets one, two and three (see section 4.5). These are 
set out in Appendix sections A.2.4 and A.2.5. The five-year 
figures come from the accounts computed in Rees (1977b) and 
presented in part in Rees (1980a). The one-year figures were 
computed from the 1971 census migration and population tables 
using equation (118) and an infant equivalent. 
For the direct survivorship rate method [s:~ (4) Is - see 
section 5.2.11 information on the initial populations for the 
1966-71 and on surviving and non-surviving emigrants are needed. 
These come from Rees (1977b) via Rees (1980a), and are set out 
in Appendix section A.2.6. 
Table 18 sets out in tabular form the details of the 
numerical experiments carried out on the Great Britain multi- 
regional population system. The experiments are concentrated 
on those data sets (two and three) that use the five-year migra- 
tion data, following the conclusions that we came to about 
period choice as a result of the hybrid approach experiments. 
Just a single run (run 41) is carried out with the one-year 
period migration data. 
We consider first the consequences of the various methods 
used to convert survivorship rates into survival probabilities 
and subsequent life takle statistics, since this is where the 
crux of previous objections to the transition has resided. 
5.6 The Effect of Different Methods of Probability Estimation 
from Survivorship Rates 
5 .  6 .  i " O p t i o n  2": Continued FrabZems 
As Rogers ( 197Sa) found, the probability estimates derived 
using the Option 2 method are badly estimated as Table 19 shows. 
Despite well-behaved survivorship rates, correctly estimated, 
the survival probabilities, the &'sf are often negative 
cub 
C 
C -4 
0 b 
-4 a = 
4J & 
a Q) 
O 2i 
Table 19. Survivorship rates and survival probabilities using the transition approach: direct 
rates, "option 2", linear method (run 25). 
Age, x Death  
-- 
R e t e n t i o n  M i g r a t i o n  
- -- 
Death  R e t e n t  i o n  M i g r a t i o n  
NOTES 
Reg ions :  1 = E a s t  A n g l i a  2 = S o u t h  E a s t  3 = R e s t  o f  B r i t a i n  
Id, l 2  Is) or exceed one (pi1 Is) . The principal reason (Px st Px 
for these results are that the p0 probabilities are initially 
- 
poorly estimated by equation (105). The linear assumption is 
a very poor one given the mortality and migration schedules 
over years 0 to 5. The initial errors will get passed on to 
successively higher age intervals. If better values are sub- 
stituted for po and p5 then the errors generated by the Option 
- - 
2 approach are a good deal less but they do not disappear. 
Because the exas are ill-estimated, the life expectancy 
statistics are unacceptable in general, except those of life 
expectancy at birth. These are acceptable because they rely 
entirely on the information content of the above and are 
thus identical to those obtained when the direct method of 
life years estimation is used, although the p,'s will be very 
different (see Table 20) . 
5.6.2 A Quick Comparison of Transition and Hybrid Approach 
Met hods 
Since the distribution of life expectancies is relatively 
similar across all transition approach runs, it is probably be 
useful at this stage to compare results with those of the 
hybrid approach. In the fourth column of statistics in Table 
20 is reproduced run 15 in which conventional mortality rates, 
averaged migration rates, the Option 3 probability estimation 
method and the linear method for I,x were used. The transition 
approach runs employing the direct measurement of survivorship 
rates and their direct use in the life years lived calculation 
result in life expectancies at birth about 2 months less than 
those in the hybrid approach. Where conditional survivorship 
rates are computed, on the basis initially of the same mortality 
information, the life expectancies are very close, only some 
10 days different. Since the survivorship and non-survivorship 
rates in the case of runs 25 and 27 are directly observed, 
whereas the overall survivorship rates in the conditional run 
and in the hybrid approach run are the product of an equation 
based on the movement concept, our judgement must be in favor 
of the more directly derived values. 
Table 20. Great Britain, transition approach: regional life expectancies at birth (years) 
and their distribution by region of residence (in percentages) based on five-year 
migrant data. Option 2, averaging and Option 3 methods compared. 
A p p r o a c h  - T r a n s i t i o n  A p p r o a c h  H y b r i d  A p p r o a c h  
R a t e  method- D i r e c t  D i r e c t  C o n d i t i o n a l  A v e r a g e d  
P r o b .  m e t h o d  - o p t i o n  2 L i n e a r  I n t .  L i n e a r  I n t .  O p t i o n  3 
L m e t h o d  L i n e a r  D i r e c t  D i r e c t  L i n e a r  
- X  
E x p e r i m e n t  - Run 2 5  Run 27  Run 32 Run 1 5  
Reg i o n s  
-- 
c o l u m n  (1) - ( 2 )  ( 3  ( 4 )  
LIFE EXPECTANCIES BY REGION AT BIRTH 
E a s t  A n g l i a  
S o u t h  E a s t  
R e s t  o f  B r i t a i n  
PERCENT OF LIFE SPENT BY PERSONS BORN I N  EAST ANGLIA 
E a s t  A n g l i a  5 2 . 1 9  5 2 . 1 9  5 2 . 1 8  5 6 . 1 9  
S o u t h  E a s t  2 1 . 4 7  21 .47  2 1 . 4 7  1 9 . 7 8  
R e s t  o f  B r i t a i n  26 .34  2 6 . 3 4  2 6 . 3 5  2 4 . 0 3  
PERCENT OF LIFE SPENT BY PERSONS BORN I N  SOUTH EAST 
E a s t  A n g l i a  3 . 7 5  3 . 7 5  
S o u t h  E a s t  7 1 . 9 3  7 1 . 9 3  
R e s t  o f  B r i t a i n  24 .32  2 4 . 3 2  
PERCENT OF LIFE SPENT BY PERSONS BORN I N  REST OF BRITAIN 
E a s t  A n g l i a  1 . 9 1  1 . 9 1  1 . 9 1  1 . 8 3  
S o u t h  E a s t  1 2 . 1 0  1 2 . 1 0  1 2 . 1 0  1 1 . 5 9  
R e s t  o f  B r i t a i n  8 6 . 0 0  8 6 . 0 0  8 5 . 9 9  8 6 . 5 8  
--- 
Note: A l l  r u n s  i n  t h i s  t a b l e  u s e  t h e  l i n e a r  m e t h o d  f o r  L , a n d  d a t a  set  two .  
- X 
When w e  come t o  compare t h e  d i s t r i b u t i o n  of  l i f e  expec- 
t a n c i e s  a t  b i r t h  amongst t h e  f o u r  runs  i n  Table  20, t h e  grouping 
of r e s u l t s  i s  d i f f e r e n t .  A l l  t h e  t r a n s i t i o n  approach runs  i n  
t h e  t a b l e  (and t h e  o t h e r s  n o t  r e p o r t e d  a r e  c l o s e  t o  t h e s e  
r e s u l t s )  g i v e  r e t e n t i o n  pe rcen tages  of c i r c a  52, 72, and 86 
p e r c e n t  f o r  E a s t  Angl ia ,  t h e  South E a s t ,  and t h e  R e s t  of  B r i t a i n ,  
r e s p e c t i v e l y ,  whereas t h e  hybr id  approach runs  y i e l d  t h e  r a t h e r  
d i f f e r e n t  f i g u r e s  of c i r c a  56, 74, and 86 Pe rcen t .  The reason  
f o r  t h i s  d i f f e r e n c e  i s  c l e a r .  The t r a n s i t i o n  approach computa- 
t i o n s  are based on c l o s i n g  t h e  popu la t ion  system by d i s t r i b u t i n g  
t h e  emig ra t ion  r a t e  over  a l l  s u r v i v o r s h i p  rate terms (see sec- 
t i o n s  5.2.4 and 5.2.5) whereas i n  t h e  hybr id  approach t h e  popula- 
t i o n  system is  c losed  by d e f a u l t  and t h e  emig ra t ion  r a t e  i s  
added o n l y  t o  t h e  d i agona l  element i n  t h e  p r o b a b i l i t y  matrix. 
[Compare t h e  s20 ( 3 )  , S ( 4 )  , and S20 ( 1  ) m a t r i c e s  i n  F igu re  9.1 
-20 
The average  d i f f e r e n c e  between e q u i v a l e n t  p e r i o d  t r a n s i t i o n  and 
h y b r i d  runs  i n  r e t e n t i o n  pe rcen tages  must be circa 2.5 p e r c e n t ,  
which i s  an e f f e c t  much l a r g e r  than  any o t h e r  w i t h i n  t h e  hybr id  
approach,  f o r  example, e x c e p t  f o r  t h e  pe r iod  of mig ra t ion  d i f -  
f  e r e n c e s  . 
5 . 6 . 3  The Linear Interpolation and Cubic Spline Interpolation 
Methods for Computing SurvivaZ Probabilities 
I n  Table 21 a r e  d i s p l a y e d  i n  columns ( 2 )  and ( 4 )  t h e  su r -  
v i v a l  p r o b a b i l i t i e s ,  ex's,  t h a t  r e s u l t  from r e s p e c t i v e l y  averaging 
and f i t t i n g  a  cub ic  s p l i n e  smoothing f u n c t i o n  t o  t h e  su rv ivo r -  
s h i p  r a t e s  observed i n  column ( 1 ) .  The e s t i m a t e s  d i f f e r  a t  t h e  
t u r n i n g  p o i n t s  of t h e  mig ra t ion  f u n c t i o n  a s  w e  have a l r e a d y  
observed (F igu re  1 2 ) .  What w e  can now do,  however, i s  go 
f u r t h e r  and compare t h e  observed s u r v i v o r s h i p  rates  w i t h  t h o s e  
computed i n  t h e  l i f e  t a b l e  from t h e  s u r v i v a l  p r o b a b i l i t i e s  v i a  
t h e  l i n e a r  i n t e g r a t i o n  of t h e  l ' s  used t o  g e n e r a t e  t h e  L x t s  
-X - 
f o r  i n p u t  t o  equa t ion  (125) .  I n  v i r t u a l l y  a l l  age  groups t h e  
c u b i c  s p l i n e  de r ived  l i f e  t a b l e  s u r v i v o r s h i p  r a t e s  a r e  c l o s e r  
t o  t h e  observed than  t h e  averag ing  method d e r i v e d  zX1s, a s  one 
might expec t .  However, bo th  methods produce r ea sonab le  r e s u l t s .  
Table 21. A comparison of observed and life table survivorship rates for the averaging and 
cubic spline methods for generating survival probabilities, linear method for 
stationary population, 
Runs 26 and 28 Run 26 Run 28 
Survival 
Survivorship probabilities Survivorship Survival Survivorsip 
rates Linear inter- rates (life table) probabilities rates (life table) Age, x 
Direct method lation method Linear method cubic spline Linear method 
Column (1) Column (2) Column (3) - Column (4) Column (5) 
Example T i m  + 
1 t t + T  
z - 2n 
z - n  
Z 
z + n  
z + 2n 
z + 3n 
W 
fers to this transition 
I L s- refers to this 
s, is the 
average of 
L 
transition 8 .'. = 0 
transitions in 
the shaded area 
Figure  1 2 .  A Lexis diagram i l l u s t r a t i n g  t h e  l a s t  age group 
problem. 
Table 22  p r e s e n t s  t h e  l i f e  expec t anc i e s  f o r  t h e  runs  whose 
p r o b a b i l i t i e s  were p r e s e n t e d  above t o g e t h e r  w i t h  t h o s e  f o r  t h e  
corresponding d i r e c t  method f o r  e s t i m a t i n g  l i f e  y e a r s  l i v e d .  
I n  Table 2 3  a r e  shown t h e  t o t a l  s u r v i v o r s h i p  r a t e s  ( s i6 )  f o r  
E a s t  Anglia a s s o c i a t e d  w i t h  t h e  f o u r  runs .  The d i f f e r e n c e s  
between runs  i n  both  e x p e c t a t i o n  of l i f e  a t  b i r t h  and i t s  
d i s t r i b u t i o n  among t h e  r e g i o n s  a r e  due very l a r g e l y  t o  d i f f e r -  
ences  i n  t h e  e s t i m a t i o n  of  t h e  $-5 and S o  l i f e  t a b l e  su rv ivo r -  
- 
s h i p  r a t e s .  The run 26  v a l u e s  i n  Table 2 3  show t h a t  t h e  l i n e a r  
method f o r  d e r i v i n g  Lx and hence,  i n  t h i s  c a s e ,  Sx, g i v e s  poor 
Table 22. Great Britain, transition approach: regional life expectancies at birth (years) 
and their distribution by region of residence (in percentages) based on five-year 
data. Averaging and cubic spline methods compared. 
A p p r o a c h ,  rate- T r a n s i t i o n  a p p r o a c h  - direct  rates m e t h o d  
P r o b .  m e t h o d  - Linear L i n e a r  C u b i c  C u b i c  
i n t e r p o l a t  i o n  i n t e r p o l a t i o n  s p l i n e  s p l i n e  
L  m e t h o d  
- X F L i n e a r  D i r e c t  L i n e a r  D i r e c t  
R e g i o n s  E x p e r i m e n t  Run 2 6  Rup 2 7  - Run 2 8  Run 29 
LIFE EXPECTANCIES BY REGION AT BIRTH 
E a s t  A n g l i a  
S o u t h  E a s t  
R e s t  o f  B r i t a i n  
PERCENT OF LIFE SPENT BY PERSONS BORN IN EAST ANGLIA 
E a s t  A n g l i a  5 2 . 5 0  
S o u t h  E a s t  2 1 . 3 2  
R e s t  o f  B r i t a i n  2 6 . 1 8  
PERCENT OF LIFE SPENT BY PERSONS BORN I N  SOUTH EAST 
E a s t  A n g l i a  3 . 7 2  
S o u t h  E a s t  7 2 . 1 1  
R e s t  o f  B r i t a i n  2 4 . 1 7  
PERCENT OF LIFE SPENT BY PERSONS BORN I N  REST OF BRITAIN 
E a s t  A n g l i a  1 . 8 9  
S o u t h  E a s t  1 2 . 0 4  
R e s t  o f  B r i t a i n  8 6 . 0 7  
r e s u l t s  f o r  t h e s e  f i r s t  two age groups.  I f  w e  square  t h e  t o t a l  
s u r v i v o r s h i p  S-n r a t e  w e  ob ta in  r a t e  0 . 9 8 1 9 4  f o r  a  comparable 
l e n g t h  p e r i o d  t h a t  i s  very l i t t l e  lower than  t h e  So va lue ,  
whereas i n  r e a l i t y  it should be s u b s t a n t i a l l y  below it, given 
t h e  behavior  of t h e  m o r t a l i t y  func t ion  a t  very  young ages.  
S ince  t h e  o r i g i n a l  accounts  e s t i m a t e s  ( R e e s  1977)  upon which 
t h e  d i r e c t l y  measured su rv ivor sh ip  r a t e s  ( runs  27 and 29  i n  
Table 23)  have informat ion  about  m o r t a l i t y  f o r  no t  only f o r  
s i n g l e  y e a r s  b u t  f o r  s h o r t  per iods  w i t h i n  t h e  f i r s t  year  b u i l t  
i n t o  them, t h e s e  a r e  t h e  r a t e s  t h a t  must be be l ieved .  Note 
t h a t  cho ice  o f  t h e  l i n e a r  o r  d i r e c t  methods f o r  computing $x 
has small e f f e c t s  on t h e  d i s t r i b u t i o n  of  expected l i f e .  
Table 2 3 .  T o t a l  su rv ivor sh ip  r a t e s  ( l i f e  t a b l e )  f o r  East  Anglia 
a s s o c i a t e d  wi th  s e l e c t e d  t r a n s i t i o n  approach runs .  
Linear  Linear C u b i c  Cubic 
i n t e r p o l a t i o n  i n t e r p o l a t i o n  sp 1 i n e  s p l i n e  
Linear  D i rec t  Linear  D i rec t  1 Age, x Run 26 Run 27 Run 28 Run 29 
Notes 
1. These a r e  a l s o  t h e  r a t e s  which a r e  observed.  
2. The runs a l l  u se  t h e  d i r e c t  method of s u r v i v o r s h i p  r a t e  measurement. 
Our c o n c l u s i o n s  c o n c e r n i n g  t h e  c h o i c e  of  method f o r  d e r i v i n g  
s u r v i v a l  p r o b a b i l i t i e s  from s u r v i v o r s h i p  r a t e s  a r e  a s  f o l l o w s .  
The c u b i c  s p l i n e  i n t e r p o l a t i o n  method g i v e s  t h e  b e s t  r e s u l t s ,  
b u t  t h o s e  o f  t h e  l i n e a r  i n t e r p o l a t i o n  method a r e  n o t  s i g n i f i c a n t l y  
worse.  Thus, i f  a  c u b i c  s p l i n e  computing r o u t i n e  i s  u n a v a i l a b l e ,  
t h e  a v e r a g i n g  method may b e  used w i t h  a  f a i r  d e g r e e  o f  c o n f i d e n c e .  
I f  s i n g l e  y e a r  o f  age  d a t a  a r e  a v a i l a b l e ,  t h e n  v e r y  good r e s u l t s  
s h o u l d  be  o b t a i n e d  u s i n g  t h e  l i n e a r  i n t e r p o l a t i o n  method i n  
a d a p t e d  form 
The Opt ion  2  method g i v e s  u n s a t i s f a c t o r y  r e s u l t s ,  a l t h o u g h  t h e s e  
stem i n  major  p a r t  f rom t h e  poor  e s t i m a t i o n  of  t h e  i n i t i a l  
p r o b a b i l i t i e s  by t h e  l i n e a r  method. 
5.7 The E f f e c t  o f  Measuring S u r v i v o r s h i p  R a t e s  v i a  t h e  Direct 
o r  C o n d i t i o n a l  Methods 
The d i f f e r e n c e s  between t h e  d i r e c t  and c o n d i t i o n a l  methods 
of  s u r v i v o r s h i p  r a t e  e s t i m a t i o n  have two s o u r c e s :  t h e  f i r s t  
i s  t n e  way i n  which m o r t a l i t y  i s  h a n d l e d ,  e i t h e r  i m p l i c i t l y  
th rough  obse rved  n o n - s u r v i v o r s h i p  r a t e s  o r  e x p l i c i t l y  t h r o u g h  
computing m o r t a l i t y  r a t e s  u s i n g  l i n e a r  a s sumpt ion  fo rmulae  
d e r i v e d  o r i g i n a l l y  from t h e  movement approach.  The second  i s  
i n  t h e  way t h e  sys tem i s  c l o s e d  a s  e x p l a i n e d  i n  s e c t i o n  5 .2 .  
The f i r s t  d i f f e r e n c e  h a s  a  s m a l l  e f f e c t  on t h e  l i f e  expec-  
t a n c i e s :  t h e  l i f e  e x p e c t a n c i e s  i n  t h e  c o n d i t i o n a l  method column 
( r u n  32) o f  Tab le  24 a r e  0.16 y e a r s  o l d e r  on a v e r a g e  t h a n  t h o s e  
i n  t h e  d i r e c t  method column ( r u n  271, a s  w e  had e a r l i e r  o b s e r v e d  
i n  comparing r u n s  32 and 25 i n  T a b l e  20. The second d i f f e r e n c e  
h a s  a  v e r y  s m a l l  e f f e c t :  t h e  d i s t r i b u t i o n  p e r c e n t a g e s  d i f f e r  
f o r  r e t e n t i o n  by an  a v e r a g e  of  o n l y  . O 1  o f  a  p e r c e n t  between 
t h e  d i r e c t  r a t e  and c o n d i t i o n a l  r a t e  r u n s .  The t h i r d  column 
i n  Tab le  24 s imply  shows t h e  e f f e c t  o f  s w i t c h i n g  t o  t h e  1970 
d e a t h s  d a t a  which l o w e r s  l i f e  expec tancy  f o r  t h e  E a s t  A n g l i a  
Table 24. Great Britain, transition approachr regional life expectancies at birth (years) 
and their distribution by region of residence (in percentages): a comparison of 
the direct and conditional rates methods. 
~- 
Data  set - Data  s e t  t w o  Data  set  t h r e e  
.. - -. . . 
Data s e t  t h r e e  Da ta  set o n e  
R a t e  method- Direct C o n d i t i o n a l  C o n d i t i o n a l  C o n d i t i o n a l  C o n d i t i o n a l  
L i n e a r  L i n e a r  L i n e a r  Cub ic  C u b i c  
p  method- 
x i n t e r p o l a t i o n  i n t e r p o l a t i o n  i n t e r p o l a t i o n  s p l i n e  s p l i n e  
L  method- Direct 
- x  
Exper iment  - Run 27 
Direct 
Run 32 
Direct 
Run 37 
L i n e a r  
Run 38 
L i n e a r  
Run 4 0  
Reg ions  (1) ( 2 )  ( 3 )  ( 4 )  (5 )  
LIFE EXPECTANCIES BY REGION OF BIRTH 
E a s t  A n g l i a  
S o u t h  E a s t  
R e s t  o f  B r i t a i n  
PERCENT OF LIFE SPENT BY PERSONS BORN I N  EAST ANGLIA 
- - --
E a s t  A n g l i a  52 .19  52.18 
Sou th  E a s t  21.47 21.47 
R e s t  o f  B r i t a i n  26.34 26.35 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  SOUTH EAST 
E a s t  A n g l i a  3 .75  3.76 3.79 
S o u t h  E a s t  71.93 71 .91  71.85 
R e s t  o f  B r i t a i n  24.32 24.33 24.35 
PERCENT OF LIFE SPENT BY PERSONS BORN I N  REST OF BRITAIN 
E a s t  A n g l i a  1 . 9 1  1 . 9 1  1 .94  1 .90  2 . 4 1  
S o u t h  E a s t  12 .10  12 .10  12.25 12.20 1 6 . 7 6  
R e s t  o f  B r i t a i n  86 .00  85 .99  85 .81  85.90 80 .83  
-- 
R e s t  o f  B r i t a i n  born  and raises it f o r  t h e  South East  born.  
The r e t e n t i o n  p e r c e n t a g e s  f o r  E a s t  A n g l i a ,  t h e  Sou th  E a s t ,  and 
t h e  R e s t  o f  B r i t a i n  a r e  a l l  lowered a l i t t l e  a s  a  r e s u l t .  
5.8 The P e r i o d  o f  Migra t ion  Measurement E f f e c t  
The l a s t  two columns o f  T ab l e  24 e n a b l e  us  t o  con f i rm  t h e  
major f i n d i n g  o f  t h e  h y b r id  approach s e c t i o n :  t h a t  o f  p e r i o d  
c h o i c e .  Runs 38 and 40 d i f f e r  o n l y  i n  t h e  p e r i o d  t o  which t h e  
m i g r a t i o n  d a t a  r e f e r  and i n  t h e  g r e a t e r  number o f  age  groups  
i n  t h e  one  y e a r  ( d e a t h s  and m i g r a n t s )  d a t a  set  (18 compared 
w i t h  1 6 ) .  
Because t h e  d a t a  set  one used t o  perform run  40 r e f e r s  t o  
unequal  t i m e  and age  i n t e r v a l s ,  t h e  methodology used was s l i g h t l y  
d i f f e r e n t  t h a n  i n  r u n  38. The l i f e  t a b l e  s u r v i v o r s h i p  r a t e s  
sx a r e  n o t  t o  b e  c a l c u l a t e d  from Fx a s  sugges t ed  i n  s u b s e c t i o n  
5 . 2 . 5 .  I n s t e a d ,  w e  u s e  an  e q u i v a l e n t  method d e s c r i b e d  i n  Ledent  
- (1980a,  198Ob). A se t  of ex i s  o b t a i n e d  from t h e  set  of  s - X  
u s i n g  t h e  c u b i c  s p l i n e  i n t e r p o l a t i o n  and t hen  p i s  t r ans formed  
- X  
i n t o  ex u s i n g  a method similar  t o  t h e  one used t o  t r a n s f o r m  
s x  
i n t o  .sx. 
T h i s  l a t t e r  d i f f e r e n c e  r educes  t h e  l i f e  e x p e c t a n c i e s  a 
l i t t l e  i n  t h e  one  y e a r  ( d e a t h s  and m i g r a n t s )  r un  compared w i t h  
t h e  one  y e a r  d e a t h s  and f i v e  y e a r  m i g r a n t s  r un .  The major  
e f f e c t ,  however, i s  t h e  s h i f t  i n  t h e  d i s t r i b u t i o n  o f  l i f e  due  
t o  t h e  d i f f e r e n t  measurement p e r i o d  f o r  t h e  mig ran t  d a t a .  The 
r e t e n t i o n  p e r c e n t a g e s  a r e  8.6 p e r c e n t  lower on ave rage  f o r  t h e  
one  y e a r  p e r i o d  r u n ,  and a r e  even lower t h a n  i n  comparable 
h y b r i d  approach  r u n s  because  o f  t h e  d i f f e r e n t  method o f  sys tem 
c l o s u r e  used  i n  t h e  t r a n s i t i o n  approach .  
5.9 C o n c l u s i o n s  ab o u t  t h e  T r a n s i t i o n  Approach 
Our c o n c l u s i o n s  f o r  t h e  t r a n s i t i o n  approach c h o i c e s  a r e  
f a i r l y  s t r a i g h t f o r w a r d ,  even i f  some of  t h e  compar isons  have 
been a l i t t l e  complex. W e  would a r g u e  t h a t  a  method based on 
t h e  d i r e c t  measurement of  s u r v i v o r s h i p  r a t e s  from p o p u l a t i o n  
a c c o u n t s ,  on t h e  a v e r a g i n g  o f  t h e s e  r a t e s  t o  g i v e  p r o b a b i l i t y  
estimates and on the direct use of survivorship rates for cal- 
culating the life years lived/stationary population statistics 
gives good results in a simple and elegant fashion. -Where 
population accounts (really, good emigration estimates) are not 
available, a conditional method based just on census migration 
data and a method for estimating non-survivorship rates from 
conventional mortality rates may be substitued. 
Added precision may be obtained through use of cubic spline 
interpolation for probability estimation or through more finely 
disaggregated age data. However, more important than such added 
sophistication is careful attention to measuring or estimating 
rates or probabilities for the first age group, where age 
disaggregation will clearly improve life expectancy estimates 
considerably. Although less influential is its effect on life 
expectancies, the proper treatment of the last age group is also 
important, and we have shown how the last age group can be 
treated consistently and correctly in both the life table and 
population projection models. 
6. COMPARING THE ALTERNATIVE APPROACHES 
6.1 Movement, Hybrid, and Transition Approaches 
Ideally, a comparison of these approaches should be based 
on the construction of multiregional life tables for the same 
population system using the different techniques. Unfortunately, 
movement data were not available for the Great Britain regional 
system since the U.K. does not maintain a population registra- 
tion system. Such a comprehensive comparison will have to await 
the analysis of large samples of individual migration histories, 
available from countries such as Sweden. Here we confine our 
remarks to the hybrid and transition approaches, noting that 
our results for the Great Britain regional system for 1970 using 
the movement-based method of probability estimation ("Option 3") 
will not be far removed from analyses with movement data, had 
they been available, since at the interregional scale relatively 
few "surplusn moves are made within one year. 
W e  have chosen t o  rev iew t h e  p r i n c i p a l  r e s u l t s  o f  t h e  hyb r id  
and t r a n s i t i o n  approaches  by look ing  a t  t h a t  most s e n s i t i v e  of  
summary s t a t i s t i c s - - '  0 '--the p r o p o r t i o n  o f  t h e  l i f e  p r e d i c t e d  
f o r  an  E a s t  Angl ia  born  i n f a n t  t h a t  he o r  s h e  w i l l  e x p e c t  t o  
spend i n  h i s  o r  h e r  n a t i v e  r e g i o n .  I n  F i g u r e  13,  t h e s e  s t a t i s t i c s  
a r e  p l o t t e d  f o r  a i l  40  "exper iments"  w i t h  t h e  G r e a t  B r i t a i n  
t h r e e - r e g i o n  p o p u l a t i o n  sys tem.  The h y b r i d  approach r e s u l t s  a r e  
p l o t t e d  on t h e  l e f t - hand  scale and t r a n s i t i o n  approach v a l u e s  
on t h e  r i gh t -hand  s c a l e .  The a l p h a b e t i c a l l y  l a b e l l e d  v e r t i c a l  
b a r s  p i c k  o u t  t y p i c a l  d i f f e r e n c e s  between p a r t i c u l a r  a n a l y s e s  
t h a t  d i f f e r  o n l y  i n  one c h o i c e  o f  d a t a  o r  method. Tab le  25 l i s t s  
t h e s e  e f f e c t s  i n  o r d e r  o f  magnitude and shows t h e  numer i ca l  
s h i f t  i n  t h e  r e t e n t i o n  p e r c e n t a g e  t h a t  each  c h o i c e  e f f e c t s .  
Dwarfing a l l  o t h e r  e f f e c t s  a r e  t h o s e  l a b e l l e d  (A-h) and 
( A - t )  on F i g u r e  13: i f  w e  u s e  f i ve -yea r  d a t a  f o r  m i g r a n t s  
r a t h e r  t h a n  one  w e  i n c r e a s e  t h e  r e t e n t i o n  pe r cen t age  by 15.5  
i n  t h e  h y b r i d  approach o r  11.7 p e r c e n t  i n  t h e  t r a n s i t i o n  c a s e .  
O r  p u t  a n o t h e r  way, i f  w e  u s e  one-year  d a t a  r a t h e r  t h a n  f i v e ,  
w e  a r e  o v e r e s t i m a t i n g  t h e  amount of  l i f e  expec ted  t o  be  s p e n t  
o u t s i d e  E a s t  Ang l i a  by E a s t  Angl ian  n a t i v e s  by 15.5 o r  11.7 
p e r c e n t .  The second most impor t an t  e f f e c t ,  l a b e l l e d  ( B ) ,  less 
t h a n  one  t h e  s i z e  o f  t h e  f i r s t ,  r e s u l t s  when w e  u s e  t h e  t r a n s i -  
t i o n  approach w i t h  f i ve -yea r  d a t a  r a t h e r  t h a n  t h e  h y b r i d  
approach.  Th i s  c an  most p robab ly  be i n t e r p r e t e d  a s  a d i f f e r e n c e  
due p r i n c i p a l l y  t o  t h e  d i f f e r e n t  way i n  which t h e  sys tem i s  
c l o s e d  i n  e ach  approach.  T h i s  e f f e c t  v a r i e s  w i t h  t h e  impor tance  
o f  i n t e r n a t i o n a l  o u t m i g r a t i o n  and f o r  many c o u n t r i e s  w i l l  n o t  be 
s e r i o u s .  The t h i r d  ranked e f f e c t ,  ( C ) ,  i s  t h e  s h i f t  r e t e n t i o n  
p e r c e n t a g e s  of  c i r c a  1.2 p e r c e n t  t h a t  t a k e s  p l a c e  when migra- 
t i o n  r a t e s  a r e  measured ( i n c o r r e c t l y )  u s i n g  t h e  e q u i v a l e n t  
approach r a t h e r  t h a n  t h e  ave r age  ( c o r r e c t l y ) .  
The o t h e r  e f f e c t s  c o n t a i n e d  i n  F igu re  13 and l i s t e d  i n  
T a b l e  25 a r e  r a t h e r  s m a l l  i n  magnitude,  d e s p i t e  t h e  c o n s i d e r a b l e  
t h e o r e t i c a l  i n t e r e s t  a t t a c h e d  t o  t h e  c h o i c e s  i nvo lved .  The 
r e a l l y  i m p o r t a n t  c h o i c e s  a r e  t h o s e  concerned w i t h  t h e  s e l e c t i o n  
and h a n d l i n g  o f  m i g r a t i o n  d a t a .  Our r e s u l t s  t h u s  con f i rm  t h e  
p r e l i m i n a r y  exper iments  and s p e c u l a t i o n s  o f  Ledent  (1978:126- 
1 3 7 ) .  
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Our recommendations to future multistate modelers are con- 
tained in Table 25. The rightmost alternative has been labeled 
"more preferred", and should where possible be chosen. Clearly, 
the further down the table one goes the more indifferent about 
the choice one becomes, and from effect (E) downwards adoption 
of the preferred alternative will depend on whether, in general, 
the resources for the extra-programming or computational effort 
are available. (The authors are currently revising their 
programs to make the preferred choices more accessible.) These 
recommendations assume that the order of preference for approaches, 
given a choice: first ranked, transition; second ranked, hybrid; 
and third ranked, movement. We try in the remainder of the paper 
to review the arguments behind this ranking. 
6.2 The Markovian Assumption of Independence of Previous Region 
of Residence 
The multiregional life table model assumes a Markovian 
world in which the probability of migration depends only on the 
state occupied at the start of a time/age interval. 'The dis- 
crepancy between results with one-year and five-year period 
migration and the very different life tables that result from 
using place-of-birth migration data (.Ledent 1980~) suggest that 
the real world of people living in and moving amongst regions 
is not a Markovian one. Return migration (Vanderkamp 1972; 
Long and Boertlein 1975; Ledent 1980~) is a real world process 
not captured in the multiregional population model. 
This Markovian assumption (there are others) is used 
differently in the movement and transition approaches. It is 
used in the movement approach to obtain the transition prob- 
abilities (px's) from the movement data (.the Mx's). within an 
. 
age/time interval. In the transition approach the transition 
probabilities are measured more directly, and within an age/time 
interval the Markov assumption is not used. 
In both approaches this Markov assumption is used to 
proceed from one age to the next. The degree of error so 
introduced can be gauged by comparing the one-year and five-year 
results. In the one-year runs this Markov assumption has been 
used five times as frequently as in the five-year runs. Over 
all the age intervals, the one-year model (irrespective of 
whether the model has T = 1, n = 5 or T = 1, n = 1) will use 
this Markov assumption 86 times whereas the five-year model 
will use it 1 8  times. Thus, the larger the time/age interval, 
the smaller the number of intervals and the lesser the impact 
of this ~arkovian assumption. 
Of course, if we take this argument to its logical con- 
clusion, the best measurement of people's expected life histories 
is of course to average their actual migration histories over 
their lifetime. Such an exercise would involve observation over 
periods of a lifetime and so would be impractible. Note that 
if we simply reduce the period of observation to five or one 
years while maintaining long age intervals all sorts of other 
aggregation errors are liable to be introduced. 
Our conclusion is that a five-year age interval, five- 
year time period based model is a reasonable compromise between 
the desire to decrease the reliance of the life table model 
on the Markovian assumption and the desire to reduce the error 
introduced by age aggregation (particularly important for total 
life expectancy computations). The main competitor to the 
five-year age interval, five-year time interval model is the 
single year of age, annual period model. This has undoubted 
advantages in planning contexts since, for educational and social 
service planning, the client groups do not fall into neat quin- 
quennial age groups, and in planning the time horizon is short 
and the model outputs must be revised earlier. Fortunately, 
the effect of non-applicability of the Markovian assumption we 
have discussed is less serious for the population projection 
products of multiregional population models as Philipov and 
Rogers ( 1 9 8 0 )  have shown. 
6.3 Solving the "One Year-Five Year Problem" 
From what we have said previously, it is clear that the 
calculation of a multiregional life table from movement data 
or transition data is not adequate and that some procedure is 
necessary to correct the transition probabilities obtained by 
a strict application of the available methods to such data. 
We note first that the "one year/five year problemn has 
been recognized in more general form in mobility studies for 
some time (Blumen, Kogan and McCarthy 1955; Bartholomew 1973), 
particularly in manpower studies. The probability of staying 
in a job n years is observed to be much higher than a one-year 
probability matrix applied n times would suggest. 
In manpower studies models which partition the population 
into movers and stayers have proved useful. Kitsul and Philipov 
(1980) have constructed a model that partitions the population 
into a low mobility group and a high mobility group. Although 
the mobility rates computed by the model for the two groups 
cannot be given a behavioral interpretation, the model does 
reproduce fairly closely the observed five-year transition 
probabilities matrix from the one-year matrix. Determination 
of model parameters depends on the availability of five-year 
and one-year migration matrices. Kitsul and Philipov use the 
same Great Britain system and data as we do in this paper 
(originating in Rees 1977b), so that, in principle, the equations 
which they determined, could be applied to the Great Britain 
migration data to be produced from the 1981 Census. The Office 
of Population Censuses and Surveys have, in their wisdom, decided 
to drop the five-year migration question asked in 1971 and 1966 
of a sample of households, and concentrate their efforts on 
asking all households a one-year question (~a much more costly 
exercise than asking both one- and five-year questions of 10% 
of households, as was the case in 1971 and 1966). Alternatively, 
the actual empirical ratios of one-year to five-year rates 
could be used to inflate the 1981 one-year observations. 
An alternative approach to the problem has been taken by 
Castro (1980), who generalized the simple model suggested by 
Rees (1977a) to a full binomial probability model. Although 
this model works well in predicting five-year migration rates 
from one-year rates for all migrations, it does not work well 
for migration between aggregated spatial units since it uses 
the Markovian assumption of independence of prior state. 
What the previous attempts at the problem fail to do, in 
our opinion, is to build in to the one-year to five-year con- 
necting model, the key behavior that produces the "problemn, 
namely return migration. The corollary is that progress with 
the one-year/five-year problem can be made only given good 
individual migration history data with which the true causes 
of the one year-five year problem can be especially identified 
and then modeled. 
If return migration (rather than just multiple migration 
per s e )  is the explanation for the one year-five year problem, 
then this suggests a reason why a Markovian model appeared to 
work well for all migrations between residences (Rees 1977a; 
Castro 1980) but not for interregional migration. Clearly, 
return migration is a fairly diffuse process. A migrant may 
move to another area, fail to make a success of it, and return 
to his previous district. It is unlikely that he will be able 
to return to the very dwelling he left since someone else will 
now be living there! The desire to return will be one of 
wanting to live in the same milieu, the same environment as 
before, perhaps within reach of former friends and family. 
But such desires can be satisfied in many spatial locations 
around the previous residence, some quite far away. For an 
international migrant the ambience which he wishes to capture 
may include the whole of his native country. 
The implications of these arguments is that, as we move 
from a multistate population model made operational at the 
regional scale (say 10 regions of 5.5 million people each on 
average) where the Markovian assumption of independence is 
violated to one operational at the household scale (say 17 
million "regions" of 3.2 persons each on average) where the 
assumption holds, we may find a happy medium at a fine spatial 
scale (say 130 countries and districts of 0.42 million people 
each) where we can "live withn the Markovian assumption. 
Gibberd (1980) has shown that, although a Markovian process 
may hold for a disaggregated spatial system, an aggregated 
system may exhibit non-Markovian behavior, just as a result 
of aggregation let alone a change in behavior which we are 
suggesting here. It should be possible to examine migration 
matrices at various spatial scales in a number of countries 
and determine whether these speculations have any validity. 
6.4 Concluding Remarks 
This paper has dealt with the construction of multiregional 
life tables from an applied point of view. New methods were 
developed for a variety of life table calculations, building 
on previous work, and old and new methods were applied in as 
comparable a fashion as possible to a common multiregional 
population system. Our principal conclusions were that transi- 
tion data should be used rather than movement data, where 
available, and that transition methods rather than hybrid methods 
should be applied to +he transition data. 
These proposals are based, almost exclusively, on examina- 
tion of the life tables generated by multiregional population 
models in just one country. We believe our results are applic- 
able in other developed countries. Whether our conclusions 
would be the same had we examined other, rather different, 
outputs of multiregional population models, namely, migra- 
production rates and projected populations is another question 
that deserves to be considered in further work. 
REFERENCES 
Bartholomew, D. (1973) Stochastic Models for Social Processes. 
Chichester: Wiley. 
Blumen, I., F. Kogan, and P. McMarthy (1955) T h e  Industrial 
Mobility of L.abor as a Probability Process. Cornell 
Studies of Industry and Labor Relations, 4. Ithaca: New 
York. 
Castro, L. (1980) Aggregated data transformation: transitions 
and moves. Draft of unpublished paper (personal communica- 
tion). 
Drewe, P. (1 980) Migration a n d  Settlement: 5. Netherlands. 
RR-80-13. Laxenburg, Austria: International Institute 
for Applied Systems Analysis. 
Gibberd, R. (1980) Agg~egation of population projection models. 
Draft of unpublished paper (personal communication). 
Keyfitz, N. (1966) A life table that agrees with the data. 
Journal of the American Statistical Association 61(1): 
305-312. 
Keyfitz, N. (1968) Av Introduction t o  the Mathematics of Popula- 
tion. Reading, Mass.: Addison-Wesley. 
Kitsul, P., and D. Philipov (1980) The One-Year - Five-Year 
Migration Problem. WP-80-81. Laxenburg, Austria: 
International Institute for Applied Systems Analysis. 
Krishnamoorthy,  S. (1979) C l a s s i c a l  approach t o  inc rement -  
decrement l i f e  t a b l e s :  a n  a p p l i c a t i o n  t o  t h e  s t u d y  o f  
m a r i t a l  s t a t u s  of  Uni ted  S t a t e s  f ema le s ,  1970. Mathe- 
matical Biosciences 44 (1-2) : 139-154. 
Ledent ,  J. (1978) Some Methodological and Empirical Ccnsidera- 
tions in the Construction of Increment-Decrement Life 
Tables. RM-78-25. Laxenburg, A u s t r i a :  I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Appl ied  Systems Ana ly s i s .  
Leden t ,  J. (1980a) M u l t i s t a t e  l i f e  t a b l e s :  movement v e r s u s  
t r a n s i t i o n  p e r s p e c t i v e s .  Environment and Planning A 12: 
533-562. 
Leden t ,  J. (1980b) An Improved Methodology for Constructing 
Increment-Decrement Life Tables from the Transition 
Perspectives. WP-80-104. Laxenburg, A u s t r i a :  I n t e r -  
n a t i o n a l  I n s t i t u t e  f o r  Appl ied  Systems A n a l y s i s .  
Leden t ,  J. ( 1 9 8 0 ~ )  Constructing Multiregional Life Tables 
Using Place-of-Birth-Specific Migration Data. W-80-96. 
Laxenburg, A u s t r i a :  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied  
Systems A n a l y s i s .  
Ledent ,  J . ,  and A. Rogers (1972) An Interpolative-Iterative 
Procedure for Constructing a Multiregional Life Table. 
M u l t i r e g i o n a l  Growth Models P r o j e c t ,  Working Paper  WP 
9/72, The Tech n o l o g i ca l  I n s t i t u t e ,  Nor thwestern  U n i v e r s i t y ,  
Evanston,  I l l i n o i s .  
Long, L.H., and C.G. B o e r t l e i n  (1975) The Geographical Mobility 
of Americans: an International Comparison. C u r r e n t  
P o p u l a t i o n  Rep o r t s ,  S p e c i a l  S t u d i e s ,  S e r i e s  P-23, N o .  64.  
Washington, D.C. :  U.S. Department o f  Commerce, Bureau 
o f  t h e  Census. 
M c N e i l ,  D . R . ,  T . J .  T r u s s e l l ,  and J . C .  Turner  (1977) S p l i n e  
i n t e r p o l a t i o n  o f  demographic d a t a .  Demography 14;245-252. 
O e c h s l i ,  F.W. (1972) The p a r i t y  and n u p t i a l i t y  problem i n  
demography. Unpcbl ished Ph.D. d i s s e r t a t i o n ,  Gradua te  
D i v i s i o n ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  Berkeley .  
O e c h s l i ,  F . W .  (1975) A p o p u l a t i o n  model based on a  l i f e  t a b l e  
t h a t  i n c l u d e s  m ar r i age  and p a r i t y .  Theoretical Popula- 
tion Biologg 7:229-245. 
O f f i c e  o f  P o p u l a t i o n  Censuses  and Surveys  (.1974a) Census 1971, 
Great Britain, Migration Tables, Part I: 10% Sample. 
Iondon : H . M . S .O . 
Of £ i c e  o f  P o p u l a t i o n  Censuses and Surveys  (1 974b) Census 19 71, 
G ~ e a t  Brdtcin, d e ,  Marital Condition and General Tables. 
London: H.M.S.O. 
Philipov, D., and A. Rogers (1980) Multistate Population Projzc- 
tions. WP-80-57. Laxenburg, Austria: International 
Institute for Applied Systems Analysis. 
Plessis-Fraissard, M., and P.H. Rees (1976) Computer Program 
for Constructing Age-Sex Disaggregated Multiregional 
Population Accounts (DAME) : Users ' Notes. Working Paper 
170. School of Geography, University of Leeds. 
Plessis-Fraissard, M., and P.H. Rees (1978) Computer program 1: 
a program for constructing age-sex disaggregated multi- 
regional accounts (DAME). Environment and Planning A 10 
(2) : 225-226. 
Plessis-Fraissard, M. (1980) Migrants, spouses and households: 
an investigation. Unpublished Ph.D. thesis in preparation, 
School of Geography, University of Leeds. 
Rees, P.H. (1977a) The measurement of migration from census 
data and other sources. Environment and Planning A 9: 
247-272. 
Rees, P.H. (1977b) The Future Population of East Anglia and Its 
Constituent Counties (Cambridge, Norfolk and Suffolk). 
A report prepared for the East Anglia Economic Planning 
Council by the University of Leeds Industrial Services 
Ltd., under Department of the Environment Contract Number 
DGR/461/23. 
Rees, P.H. (1978) Increment-decrement life tables: some further 
comments for an accounting point of view. Environment 
and Planning A 10 (705-726) . 
Rees, P.H. (1979a) ~ i g r a t i o n  and Settlement: I .  United Kingdom. 
RR-79-3. Laxenburg, Austria: International Institute 
for Applied Systems Analysis. 
Rees, P.H. (1979b) Migration and settlement in the United 
Kingdom. Unpublished paper, School of Geography, University 
of Leeds. 
Rees, P.H. (1979~) Regional population projection models and 
accounting methods. Journal of the Royal Statistical 
Society, Series A, 142 (2) :223-255. 
Rees, P.H. (1980a) Problems of multiregional population analysis: 
data collection and demographic accounting. Sistemi 
Urbani, forthcoming. [Originally produced as Working 
Paper 229, School of Geography, University of Leeds.) 
Rees, P.H. (1980b) Multistate demographic accounts: measure- 
ment and estimation procedures. Environment and Planning 
A 12:499-531. 
Rees, P.H., and A.G. Wilson (1975) Accounts and models for 
spatial demographic analysis 3: rates and life tables. 
Environment and Flanning A 7:199-231. 
Rees, P.H., and A.G. Wilson (1977) Spatiat Population Analysis. 
London: Edward Arnold. 
Rogers, A. (1973a) The multiregional life table. u'ournal of 
Mathematical Sociology 3: 127-1 37. 
Rogers, A. (1973b) The mathematics of multiregional demographic 
growth. Environment and Planning 5:3-29. 
Rogers, A. (1975a) Introduction to Multiregional Mathematical 
Demography. New York: Wiley. 
Rogers, A. (1975b) Spatial Migration Expectancies. RM-75-77. 
Laxenburg, Austria: International Institute for Applied 
Systems Analysis. 
Rogers, A. (1 976) The Comparative Migration and Settlement 
Study: A Summary of Workshop Proceedings and Conclusions. 
RM-76-01. Laxenburg, Austria: International Institute 
for Applied Systems Analysis. 
Rogers, A., and J. Ledent (19751 Multiregional Population Projec- 
tions, DP-128, Center for Mathematical Studies in Economics 
and Management Science, Northwestern University, Evanston, 
Illinois; published in revised form in pages 31-58, 
Optimization Techniques: Modeling and Optimization in 
the Service of Man, Part I, edited by J. Cea, 1976. 
Springer, Berlin. 
Rogers, A., and J. Ledent (1976) Increment-decrement life tables: 
a comment. Demography 13(2):287-290. 
Schoen, R. (1975) Constructing increment-decrement life tables. 
Gemography 12 (21 :313-324. 
Schoen, R. (1979) Calculating increment-decrement life tables 
by estimating mein duration of transfer from observed rates. 
Mathematical Biosciences 47;255-259. 
Schoen, R., and K.C. Land (1979) A general algorithm for estima- 
ting a Markov-generated increment-decrement life table 
with applications to marital status patterns. Journal of 
the American Scatistical Association 74:761-776. 
Schoen, R., and V.E. Nelson (19741 Marriage, divorce and morta- 
lity: a life table analysis. Demography 11:267-290. 
Vanderkamp, J. (1972) Return migration: its significance and 
behavior. Waszern Zconomic Journal 10:460-465. 
Willekens,  F. (1978) The Comparative Migration and Ssttlement 
Study: Background Paper for the 1978 September Conference. 
WP-78-10. Laxenburg, Austria: International  I n s t i t u t e  
f o r  Applied Systems Analys i s .  
~ i l l e k e n s ,  F . ,  A .  Por, and R .  Raqui l le t  (1979) Entropy, Multi- 
proportional and Quadratic Techniques for Inferring Detailed 
Migration Patterns from Aggregate Data. Mathematical 
Theories, Algorithms, Applications, and Computer Programs. 
WP-79-88. Laxenburg, Austria:  Internat ional  I n s t i t u t e  
f o r  Applied Systems Analys i s .  
Willekens, F . ,  and A.  Rogers (1978) Spatial Population Analysis: 
Methods and Computer Programs. RR-78-18. Laxenburg, 
Austria: Internat ional  I n s t i t u t e  for Applied Systems 
Analys i s .  
APPENDIX 1: THE MEANINGS OF X 
A.l.l The Three Meanings 
For convenience and fo l lowing  convent iona l  p r a c t i c e ,  we 
use one s u b s c r i p t ,  x ,  t o  denote  age i n  a l l  d i s c r e t e  d a t a  and 
l i f e  t a b l e  v a r i a b l e s .  However, t h e r e  a r e  t h r e e  p a i r s  of d i s t i n c t  
and d i f f e r e n t  meanings t h a t  can be a t t a c h e d  t o  x ,  and only one ' 
meaning a p p l i e s  t o  each v a r i a b l e  i n  g e n e r a l .  These a r e  s e t  o u t  
below and i n  F igure  A.1. 
meaning s tock  v a r i a b l e s  flow v a r i a b l e s  
(i) exac t  age x a l l  l i f e l i n e s  c ros s ing  a l l  f lows i n  t h e  (x ,  t )  , 
t h e  (x ,  t )  t o  (x ,  t+T) (x ,  t+T) , (x+n, t+2T) and 
l i n e  (x+n, t+T) age-time space 
(ii) age cohor t  x a l l  l i f e l i n e s  c ros s ing  a l l  f lows i n  t h e  (x ,  t)  , 
t h e  (x ,  t )  t o  (x+n, t )  (x+n, t + T ) ,  (x+2n, t+T) 
l i n e  and (x+n, t )  age-time space 
(iii) age group x a l l  l i f e l i n e s  c ros s ing  a l l  f lows i n  t h e  (x ,  t )  , 
T 
t h e  (x ,  tfT) t o  (x tn ,  
rF 
(x ,  t + T )  , (x+n, t + n )  and 
(x+n, t )  age-time space 
tf) l i n e  
Figure  A.2 i l l u s t r a t e s  t h e s e  meanings w i t h  r e s p e c t  t o  d a t a  
v a r i a b l e s  used i n  t h e  a n a l y s i s .  
t t + T  t + 2 T  Time 
n = T  
in this 
diagram 
Ex act age 
parallelogram 
Age cohort 
parallelogram 
Age group 
rectangle 
Figure A.l Alternative meanings of x. 
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Figu re  A . 2  The meaning of d a t a  i t ems  c l a r i f i e d  by means of a  
Lex is  diagram. 
A.1.2 Examples of Variables Associated with Three Meanings 
meaning stock variables flow variables 
i jei ij i (i) exact age x 0 x PX ' PX ex 
(ii) age cohort x i KX(t)' kx 
(iii) age group x Kx i ( t+$ T
jeik jei6 
O X ' O X  
APPENDIX 2 .  THE DATA SETS USED 
A .  2 . 1  Data S e t  One (gbl ) 
This  d a t a  s e t  r e f e r s  t o  t h e  year  1970 and i s  ( t o g e t h e r  wi th  
a d d i t i o n a l  data--see  A.2.4) used i n  runs  1 t o  8 of  t h e  hybr id  
approach and run 4 1  of t h e  t r a n s i t i o n  approach.  The d a t a  a r e  
aggregated i n  p a r t  from t h o s e  presen ted  i n  Rees (1979a, Appendix 
C )  and i n  p a r t  a r e  t h e  o r i g i n a l  d a t a  ga the red  b u t  b e f o r e  mani- 
p u l a t i o n  (Rees 1979a:74-79). 
EAST A14Gla l I \  
Age Migrants (1970-71) t o  
Popula Lion Deaths group Aye group 
Age group ( m . y . ,  1970) (1970) ( i n i t i a l )  East  Anglia South East  Rest of B r i t a i n  ( f i n a l )  
x ( 1 1  (2 )  (3 )  (4)  ( 5 )  (6 )  (7)  ( 8 )  
B i r t h s  (26,018) * - - B i r t h  0 24 3 263 0 
0 0-4 128,700 489 0- 3 0 1,940 2,103 1-4 
5 5 - 3  1.34, 700 50 4-8 0 1,785 1,880 5-9 
10 10- 14 113,900 3 8 9-1 3 0 1,036 1,099 10-14 
15 15-19 114,200 8 3 14-18 0 1,890 1,590 15-19 
2 0 20-24 137,700 113 19-23 0 4,330 3,710 20-24 
25 25-29 108,600 5 7 24-28 0 2,880 2,431 25-29 
30 30-34 103,100 69 29-33 0 1,560 1,720 30-34 
3 5 35-39 101,300 123 34-38 0 1,201 1,269 35-39 
40 40-44 97,800 221 39-43 0 749 790 40-44 
45 45-49 109,300 397 44-48 0 700 600 45-49 
50 50-54 92,400 54 5 49-53 0 718 613 50-54 
55 55-59 100,800 98 5 54-58 0 372 319 55-59 
60 60-64 95,800 1,539 59-63 0 389 302 60-64 
65 65-69 84,700 2,393 64-68 0 307 286 65-69 
70 70-74 61,400 2,684 69-73 0 319 289 70-74 
75 75-79 43,795 2,940 74-78 0 160 148 75-79 
80 80-84 27,672 2,899 79-83 0 104 92 80-84 
85 85+ 17,633 3,396 84+ 0 7 1 6 6 8 5+ 
To ta l s  1,673,500 19,021 0 20,753 19,570 
* The p o p i ~ l d t i o ~ l  column t o t a l  i n  t h i s  and subsequent t a b l e s  does no t  inc lude  t h e  element i n  t h e  b i r t h s  row. 
Brackets ; ~ r o ~ ~ n d  t he  b i r t h  row element a r e  used i n  t h e  t a b l e s  t h a t  fol low t o  i n d i c a t e  t h i s .  
SOUTH EAST 
Population Deaths Age group Migrants (1970-71) t o  - Age group 
Age group (m.y . ,  1970) (1970) ( i n i t i a l )  Eas t  Anglia South East  Rest o f  B r i t a i n  ( f i n a l )  
x (1 (2 (3) (4) (5) (6) (7 (8)  
B i r ths  (267,522) -- B i r t l l  480 0 2,087 0 
-- 
0 0-4 1,392,600 5,192 0- 3 3,840 0 16,696 1-4 
5 5-9 1,366,500 417 4 -8 2,829 0 14,953 5-9 
10 10-14 1,197,800 3 30 9-13 1 ,831 0 9,683 10-14 
15 15-19 1,139,500 725 14-18 2,200 0 14,300 15-19 
20 20-24 1,382,200 972 19-23 5,841 0 39,810 20-24 
2 5 25-29 1,152,200 805 24-28 4,349 0 26,280 25-29 
3 0 30-34 1,059,800 94 9 29-33 2,869 0 16,189 30-34 
35 35-39 1,027,800 1,261 34-38 2,006 0 10,676 35-39 
40 40-44 1,031,000 2,363 39-43 1,434 0 7,603 40-44 
45 45-49 1,151,100 4,463 44-48 1,490 0 7,712 45-49 
50 50-54 1,019,400 6,455 49-53 1,241 0 6,362 50-54 
5 5 55-59 1,097,800 11,738 54-58 1,250 0 6,156 55-59 
60 60-64 998,300 17,427 59-63 1,669 0 6,174 60 -64 
65 65-69 824,600 23,619 64-68 1,259 0 6,307 65-69 
70 70-74 614,500 27,208 69-73 5 79 0 2,945 70-74 
75 75-79 410,500 27,512 74-78 349 0 1,828 75-79 
80 80-84 268,275 28,533 79-83 221 0 1,157 80-84 
85 85+ 181,872 36,202 84+ 142 0 761 85+ 
To ta l s  17,315,502 196,171 To ta l s  35,879 0 197,679 
REST OF BRITAIN 
Migrants (1970-71) t o  Populat ion Deaths Age group - - Age group 
Age group (m.y., 1970) (1970) ( i n i t i a l )  East  Anglia South East  R e s t  of B r i t a i n  ( f i n a l )  
x (1) ( 2 )  - ( 3 )  (4  (5)  (6 )  (7  (8 )  
B i r ths  (578,281) - - Bir th  303 1,933 0 0 
0 0-4 2,936,400 12,941 0- 3 2,422 15,465 0 1-4 
5 5-9 3,040,300 1 ,096 4 -8 2,576 15,636 0 5-9 
10 10-14 2,630,100 820 9-13 1,553 9,064 0 10-14 
15 15-19 2,441,200 1,549 14-18 2,630 21,980 0 15-19 2 I
20 20-24 2,678,000 1,926 19-23 4,510 48,860 0 20-24 w 
2 5 25-29 2,242,700 1,642 24-28 3,250 25,010 0 25-29 I 00 
3 0 30- 34 2,091,000 2,016 29-33 1,956 15,141 0 30-34 
3 5 35-39 2,059,700 3,106 34-38 1,515 10,841 0 35-39 
4 0 40-44 2,143,600 5,880 39-43 1,118 8,167 0 40-44 
4 5 45-49 2,329,300 11,258 44-48 799 6,103 0 45-49 
5 0 50-54 2,000,900 15,744 49-53 636 4,823 0 50-54 
5 5 55-59 2,150,500 27,445 54-58 507 3,784 0 55-59 
6 0 60-64 2,007,300 41,573 59-63 559 3,281 0 60-64 
65 65-69 1,692,500 56,217 64-68 496 3,015 0 65-69 
7 0 70-74 1,225,600 62,936 69-73 293 0 70-74 1,852 
7 5 75-79 805,980 62,784 74-78 197 1,322 0 75-73 
80 80-84 462,000 56,097 79-83 116 790 0 80 -84 
8 5 85+ 260,720 58,612 84+ 70 461 0 85+ 
To ta l s  35,776,081 423,642 To ta l s  25,506 198,068 0 
A.2.2 Data  S e t  Two ( g b 5 )  
T h i s  d a t a  set  r e f e r s  t o  t h e  f i v e - y e a r  i n t e r c e n s a l  p e r i o d  
1966-71 and i s  used i n  r u n s  9  t o  16 o f  t h e  h y b r i d  approach  and 
i n  r u n s  25 t o  34 o f  t h e  t r a n s i t i o n  approach ( w i t h  a d d i t i o n a l  
da ta - - see  A.2 .5 ) .  The d a t a  are d e r i v e d  from t h e  a c c o u n t s  
computed i n  Rees (1977b) and p r e s e n t e d  i n  p a r t  i n  R e e s  (1  980a)  . 
EAST ANGJJIA 
- 
P o p u l a t i o n  Migran t s  (1966-71) t o :  ( a v e .  f o r  Deaths Age g roup  Age group  
Age group 1966-71) (1966-71) ( i n i t i a l )  E a s t  Angl ia  Sou th  E a s t  R e s t  o f  B r i t a i n  ( f i n a l )  
x (1) ( 2 )  ( 3 )  ( 4  ( 5  ( 6 )  ( 7  ( 8 )  
B i r t h s  (124,770) - - B i r t h  0 4 ,201 3,658 0-4 
0 0-4 128,516 2,458 0-4 0 5,739 6 ,880 5-9 
5 5-9 124,005 223 5-9 0 3,972 4,578 10-14 
1 0  10-14 113,736 177 10-14 0 3,893 3,673 15-19 
15 15-19 116,506 4 2 2 15-19 0 9 ,396 7,286 20-24 
2 0 20-24 116,128 471 20-24 0 7,578 8 , 1 4 1  25-29 
2 5 25-29 100,491 3 36 25-29 0 4 ,895  5,505 30-34 
30 30-34 94,820 580 35-39 0 3,697 4,445 40-44 
3 5 35-39 94,820 580 35-39 0 2,859 3,237 45-49 
40 40-44 99,107 1 ,050  40-44 0 2,640 2,416 45-49 
4 5 45-49 98,376 1 ,835 45-49 0 1 ,964  1 , 7 6 3  50-54 
50 50-54 96,507 2,746 50-54 0 1,274 1 , 0 3 1  55-59 
5 5 55-59 98,317 4,880 55-59 0 1 , 0 0 3  967 60-64 
60 60-64 92,849 7,627 60-64 0 7 94 1 ,284  65-59 
65 65-69 79,798 10,996 65-69 0 65 2 1 , 1 0 5  70-74 
70 70-74 61,738 13,058 70-74 0 492 876 75-79 
7 5 7 5+ 86,104 45,240 7 5+ 0 549 754 80+ 
- 
T o t a l s  1 ,725,814 92,504 0 55,598 57,599 
SOUTH EAST 
- 
Populat ion 
Age group Migrants (1966-71) t o :  ( a v e .  f o r  Deaths Age group 
Age group 1966-71) (1966-71) ( i n i t i a l )  E a s t  Angl ia  South E a s t  R e s t  of B r i t a i n  ( f i n a l )  
B i r t h s  ( 1 , 3 5 2 , 0 4 8 )  - - B i r t h  6 , 5 1 9  0 3 3 , 2 1 3  0-4 
T o t a l s  1 8 , 2 2 1 , 3 9 3  953 ,013  114 ,552  599,868 
REST OF BRITAIN 
P o p u l a t i o n  
M i g r a n t s  (1966-71)  to :  ( a v e .  f o r  D e a t h s  Age g r o u p  Age g r o u p  
Age g r o u p  1966-71)  (1966-71)  ( i n i t i a l )  E a s t  A n g l i a  S o u t h  E a s t  R e s t  o f  B r i t a i n  ( f i n a l  
x (1) ( 2 )  ( 3 )  ( 4  ( 5  (6 1 ( 7 )  (8) 
B i r t h s  ( 2 , 9 7 5 , 6 3 6 )  -- B i r t h  8 , 8 8 9  3 0 , 1 7 8  0 0-4 
0 0- 4  2 , 9 8 0 , 3 3 3  6 6 , 7 6 9  0-4 8 , 8 6 9  5 2 , 8 3 3  0 5-9 
5  5-9 2 , 8 9 9 , 9 1 2  5 , 4 3 5  5-9 6 , 1 2 9  3 7 , 8 6 1  0 10-14  
10 10-14 2 , 6 3 4 , 8 4 9  4 , 3 0 9  10-14 5 , 8 1 4  4 6 , 0 7 7  0  1 5 - 1 9  
1 5  1 5 - 1 9  2 , 5 9 8 , 9 8 0  8 , 4 6 4  15-19  1 0 , 7 2 5  1 1 9 , 0 9 7  0  20-24 
20 20-24 2 , 4 5 6 , 3 3 2  9 , 3 7 9  20-24 9 , 4 4 0  8 4 , 5 1 0  0  25-29 
2  5  25-29 2 , 1 5 9 , 7 0 0  8 , 1 8 5  25-29 7 , 1 2 9  5 1 , 8 1 6  0  30-34 
30  30-34 2 , 0 4 4 , 9 0 5  10,060 30-34 4 , 8 6 4  3 7 , 2 0 1  0 35-39 
3  5  35-39 2 , 0 8 5 , 3 8 7  1 6 , 1 9 2  35-39 4 , 4 2 2  3 1 , 0 3 7  0  40-44 
4  0  40-44 2 , 2 2 8 , 8 7 5  3 0 , 1 8 3  40-44 5 , 5 5 0  2 6 , 5 2 2  0 45-49 
4  5  45-49 2 , 2 1 9 , 5 5 3  5 2 , 8 5 0  45-49 5 , 0 1 7  1 9 , 5 5 3  0 50-54 
5  0 50-54 2 , 1 6 7 , 2 8 0  8 0 , 1 3 9  50-54 4 , 8 0 0  1 4 , 9 9 2  0 55-59 
5  5  55-59 2 , 1 6 8 , 2 4 2  1 3 7 , 2 3 5  55-59 1 , 8 1 9  1 2 , 2 2 0  0 60-64 
6 0  60-64 2 , 0 0 3 , 8 2 6  2 0 6 , 3 2 1  60-64  2 , 8 2 4  1 1 , 8 8 6  0 65-69  
6 5  65-69 1 , 6 5 5 , 3 4 7  2 7 2 , 4 7 3  65-69 2 , 4 8 0  7 , 9 9 5  0 70-74 
70  70-74 1 , 2 1 8 , 6 4 3  3 0 5 , 9 7 6  70-74 1 , 7 1 0  5 , 9 5 0  0 75-79 
7  5  7  5+ 1 , 5 0 0 , 3 7 5  8 7 4 , 7 5 1  75+ 1 , 7 2 9  6 , 0 8 3  0 8 0 +  
T o t a l s  3 7 , 9 9 8 , 1 7 5  2 , 0 8 8 , 7 2 1  9 2 , 2 1 0  5 9 5 , 8 1 1  0 
A . 2 . 3  Data S e t  Three  (gb5 two) 
These a re  t h e  d a t a  a d d i t i o n a l  t o  o r  which r e p l a c e  t h o s e  
i n  d a t a  set  t w o .  They a r e  used  i n  h y b r i d  approach  r u n s  17 t o  
2 4 .  
P o p u l a t i o n  (average  f o r  1966-71) 
Age group E a s t  A ng l i a  South E a s t  Res t  o f  B r i t a i n  
T o t a l s  
Deaths (1970 d e a t h s  x 5 )  
Age group E a s t  Angl i a  South E a s t  R e s t  o f  B r i t a i n  
T o t a l s  92 ,321  942,640 2,098,182 
Note : 
The a d d i t i o n a l  migran t  numbers a r e  gene ra t ed  f o r  age groups 75-79, 80-84, 
and 85+, by assuming S = - 
-75 ?75+' 580 = ?75+' and 280+ ?75+- 
~ . 2 . 4  Data Set One (gbl) : Additional Data for the Transition 
Approach 
- 
S ur v i v i ng  s t a y e r s  (1970-71) 
Age group Age group 
( i n i t i a l )  E a s t  Angl ia  South E a s t  Res t  o f  B r i t a i n  ( f i n a l )  
(1 ( 2 )  ( 3 )  (4 ( 5  
B l r t h  25,041 259,556 565,329 0 
0-3 97,137 1,007,688 2,297,635 1-4 
4-8 127,238 1,323,340 2,981 , ?84 5-9 
9-13 114,819 1,176,186 2,725,149 10-14 
14-18 105,670 1,074,007 2,450,063 15-19 
19-23 116,418 1,263,286 2,554,826 20-24 
24-28 100,678 1,104,032 2,177,691 25-29 
29- 3 3 91,693 988,667 2,015,049 30-34 
34-38 90,928 959,182 1 ,994 ,661  35-39 
39-43 94,928 1,005,003 2,018,277 40-44 
44-48 101,930 1,068,182 2,262,936 45-49 
49-53 94,075 998,956 2,081,521 50-54 
54-58 98,074 1,044,470 2,125,216 55-59 
59-63 94,370 988,735 2,032,129 60-64 
64-68 83,092 818,596 1 ,729 ,241  65-69 
69-73 65,902 603,175 1,282,008 70-74 
74-78 44,449 414,329 837,948 75-79 
79-83 28,083 254,296 459,861 80-84 
84+ 17,898 172,500 259,363 85+ 
T o t a l s  1,591,942 16,524,186 34,930,687 
SO-WE: These s u r v i v i n g  s t a y e r  numbers a r e  computed by s u b t r a c t i n g  t o t a l  
i n t e r n a l  in -migran ts  and t o t a l  e x t e r n a l  in-migrants  ( immigrants j  
t o  each r e g i o n  ( a s  g iven  i n  Table  3A o f  O.P.C.S., 1974a:61,78 and 
79)  from t h e  a d j u s t e d  census  d a t a ,  1971 p o p u l a t i o n s  o f  t h e  r eg ions  
a s  g i ven  i n  Rees, 1980a (der ived  o r i g i n a l l y  from O.P.C.S., 1974b) .  







